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 Property Description: Portion of suburban Lots 50 and 51, and 
Lots 33 and 34 on Diagram 24029 and 





























Remediation Action Plan – BP Junction Auto’s 
 
November, 2014 ii 
TABLE OF CONTENTS 
1. EXECUTIVE SUMMARY .......................................................................... 1 
2. INTRODUCTION ....................................................................................... 2 
2.1 OBJECTIVES ................................................................................... 2 
2.2 SITE DEFINITION ............................................................................ 2 
2.2.1 Location .................................................................................... 2 
2.2.2 Certificate of Title ..................................................................... 3 
2.2.3 Zoning ...................................................................................... 3 
2.2.4 Current and Proposed Land Use ............................................... 3 
2.3 BACKGROUND ............................................................................... 3 
2.3.1 General ..................................................................................... 3 
2.3.2 Historical Environmental Works ................................................ 3 
2.3.3 Surrounding Land Use .............................................................. 4 
2.3.4 Potential Receptors .................................................................. 4 
2.3.5 Exposure Pathways .................................................................. 5 
3. METHODS ................................................................................................. 5 
4. RESULTS - PART A. SITE INVESTIGATION ........................................... 6 
4.1 GEOLOGY AND HYDROGEOLOGY ................................................ 6 
4.1.1 Site Soil Conditions................................................................... 6 
4.1.2 Hydrogeology ........................................................................... 7 
4.2 CONTAMINATION .......................................................................... 7 
4.2.1 Groundwater Impact ................................................................ 7 
4.2.2 Soil Impact ............................................................................... 8 
4.3 NATURAL ATTENUATION .............................................................. 9 
4.3.1 Transect ................................................................................... 9 
4.3.2 Natural Attenuation Summary ................................................ 10 
4.4 REMEDIATION TARGET ............................................................... 11 
5. RESULTS - PART B. OPTION ANALYSIS .............................................. 12 
5.1 REMEDY SELECTION ................................................................... 12 
5.1.1 Remediation Techniques for Consideration ............................ 12 
5.1.2 Remediation Techniques ........................................................ 12 
5.1.3 Selection Matrix ..................................................................... 16 
5.2 REMEDY OPTION – IN-SITU CHEMICAL OXIDATION ................. 20 
5.2.1 Process Description ............................................................... 20 
5.2.2 Persulphate Selection ............................................................. 22 
5.2.3 System Design ....................................................................... 23 
5.2.4 Modelling ............................................................................... 26 
5.2.5 Technical Risks ....................................................................... 27 
5.2.6 Logistical Risks ....................................................................... 28 
5.2.7 Regulatory Acceptance ........................................................... 28 
6. CONCLUSIONS AND RECOMMENDATIONS ....................................... 28 
7. LIMITATIONS OF REPORT ..................................................................... 30 




Remediation Action Plan – BP Junction Auto’s 
 
November, 2014 iii 






Remediation Action Plan – BP Junction Auto’s 
 
November, 2014 iv 
LIST OF TABLES 
 
Table 1:        Surrounding Land Uses 
Table 2:        MNA of Transect 
Table 3:        Remediation Targets 
Table 4.1:     Weighting Factors 
Table 4.2:     Remediation Selection Matrix 
Table 5:        Oxidant Properties 
Table 6:        Oxidant Calculations 
Table 7:        Injection Volumes 
Table 8:        Modelling Parameters 
 
LIST OF FIGURES 
 
Figure 1:        Site Map    
Figure 2:        Site Vicinity Map 
Figure 3:        Site Conceptual Model 
Figure 4.1:     Soil Cross-section A – A’ 
Figure 4.2:     Soil Cross-section B – B’ 
Figure 4.3:     Groundwater Levels 
Figure 5:        Pre Decommission Site Map 
Figure 6:        Plume Delineation (Benzene)       
Figure 7:        Excavation Diagram 
Figure 8:        Natural Attenuation Graph 
Figure 9:        Site Injection Points 
Figure 10:      Conceptual Injection Points 
 
LIST OF APPENDICES 
 
Appendix A: Certificate of Tittle 
Appendix B:   Groundwater Monitoring Data 
Appendix C:   Soil Validation Data 
Appendix D:   1998 ESA Soil Bore Data 
Appendix E:   Kerosene UST Removal Data 
Appendix F:   Monitored Natural Attenuation Data 




Remediation Action Plan – BP Junction Auto’s 
 
November, 2014 v 
LIST OF ABBREVIATIONS 
 
 
ADWG          Australian drinking water guidlines 
ALS               Australian Laboratory Services 
BP BP Australia Proprietary Limited 
BTEX benzene, toluene, ethylbenzene, xylenes 
COPC            contaminants of potential concern 
DER Department of Environment Regulation 
DO Dissolved Oxygen 
EB Enhanced biodegradation 
EC electrical conductivity 
ESA environmental site assessment 
ISCO             In-situ chemical oxidation 
mBGL metres below ground level 
mg/kg milligram per kilogram (weight) 
MNA Monitored Natural Attenuation 
MPE              multi-phase extraction 
MW monitor well 
NA Natural attenuation 
ND                non detect 
NMI               National Measurement Institute 
O&M Operation and maintenance  
PAT Pump and treat 
PRB Permeable reactive barrier 
PSH phase-separated hydrocarbons 
QA quality assurance 
QC quality control 
SWL             standing water level 
TDS total dissolved solids 
TPHTotal total petroleum hydrocarbons of constituents 
TPH total petroleum hydrocarbons 
ug/L microgram per litre (volume) 
uS/cm microsiemen per centimetre 
UST underground storage tank 
CH4                   methane 












1. EXECUTIVE SUMMARY   
BP Australia Limited (BP) leased Lots 33 and 34 located at the corner of Durlacher 
and Waldeck Street in Geraldton, Western Australia from August 1957 to February 
2003. The Site, known at “Junction Auto’s” was sold to Clarisse Holdings 
(Sovereign Petroleum) in February 2003, with BP later acquiring Sovereign 
Petroleum and retaining liability to remediate the Site to comply with 
commercial/industrial use screening criteria.  
In April 2007, the Site was closed for decommissioning and remedial works, 
inclusive of the removal of petroleum infrastructure, excavation to a maximum 
depth of 6.5m BGL, removal of impacted soil, backfilling of clean soil and validation 
soil samples were completed. The validation samples collected, with the exception 
of two, were all ‘non detect’.  
Since decommissioning, the Site has been monitored both on-site and off-site under 
the bi-annual groundwater monitoring program. Four wells along the North-Western 
side of the Site continue to yield high TPH/BTEX levels, sheens and strong odours. 
After reviewing all available historical soil and groundwater data, the source of 
contamination was found to be along the North-Western border.  
BP intends to sell the Site for residential development and as such the Site must be 
remediated. Modelling using BIOSCREEN indicates that contamination above 
guidelines will remain after 10 years if there is no source removal. 
 A number of techniques were examined for remediating the residual 
contamination; in-situ chemical oxidation (ISCO) was scored the highest through a 
screening matrix. 
It is recommended that 1680kg Klozur® CR is required to remove the contamination 
source and according to the BIOSCREEN modelling, after 5 years the residual plume 











The purpose of this Remediation Action Plan is to delineate the residual 
contamination at BP Junction Auto’s and conceptually design the most effective 
remediation technique for managing the residual impact. The Site is comprised of 
Lots 33 and 34, located at the corner of Durlacher and Waldeck Street in Geraldton, 
Western Australia (see Figure 1 and 2). 
2.1 OBJECTIVES 
The primary objectives of the Remediation Action Plan are to: 
x Review event data from 1998 – present to determine the extent of 
contamination in the soil and groundwater; 
x Produce a site conceptual model and geological cross sections detailing 
dissolved phase hydrocarbons, migration pathway and the receptors; 
x Develop a groundwater remediation target for ongoing residential use; 
x Select and design an appropriate remedy option to reach the remediation 
target. 
2.2 SITE DEFINITION 
2.2.1 Location 
The site is: 
x Located at the corner of Durlacher and Waldeck Street, Geraldton, Western 
Australia (Figure 2); 
x A portion of suburban Lots 50 and 51 and is shown as Lots 33 and 34 on 
Diagram 24029; 
x An area of 2,578 square meters; 
x Defined by the following UTM co-ordinates: 
o NE corner (50S 267,312E 6,814,314N) 
o NW corner (50S 267,285E 6,814,293N) 










o SE corner (50S 267,351E 6,814,265N) 
2.2.2 Certificate of Title 
The property on which the BP Junction Auto’s operated is described in the 
Certificate of Title Volume 1257 Folio 035 and is currently owned by Clarisse 
Holdings Pty. Ltd. (a copy of the current and historical Certificates of Title is 
provided in Appendix A).  
2.2.3 Zoning 
The current zoning of the Site is “special use service station”, according to 
information provided by the Geraldton Greenough Regional Council.   
2.2.4 Current and Proposed Land Use 
The Site is currently vacant, and it is proposed that the land is used for residential 
builds in the future. 
2.3 BACKGROUND 
2.3.1 General 
BP Australia Limited leased both Lots 33 and 34 from August 1957 to February 
2003. The property was then purchased by Clarisse Holdings (Sovereign Petroleum) 
in February 2003. The Site was a workshop/service station from 1957 until 2007, 
when it was decommissioned. In October 2008, Lot 34 was classified under the 
Contaminated Sites Act 2003 as ‘Contaminated – remediation required‘ by the 
Department of Environment and Conservation. Currently the site remains vacant 
and unused. 
2.3.2 Historical Environmental Works 
The following environmental works were completed by BP environmental staff from 
1998 – present: 
x February 1998 – Present, maintained a bi-annual groundwater monitoring 
program; 
x June and October 1998, Environmental Site Assessment (ESA) involving the 
completion of twenty-three soil bores and installation of nine groundwater 
monitoring wells; 










x May 2001, five soil bores completed; 
x November 2002, sixteen soil borings completed, the kerosene UST was 
decommissioned and accessible impacted soil removed; 
x March 2003, one additional groundwater monitor well installed; 
x April/May 2007, decommissioning of site and remediation works including 
petroleum infrastructure removal, excavation to a maximum depth of 6.5m 
BGL, removal of impacted soil, backfilling of clean soil and 59 validation soil 
samples. 
2.3.3 Surrounding Land Use 
The surrounding land uses are summarised in the table below: 
Table 1: Surrounding Land Use 
Direction Current Land Use Separating Feature 
from Site 
Comments 
 North  Residential  Fence Upgradient of 
groundwater flow 
 South  Residential/Commercial  Waldeck St  
 East  Residential/Commercial  Waldeck St Upgradient of 
groundwater flow 
 West  Residential  Durlacher St A primary school is 
located west of the Site  
 
2.3.4 Potential Receptors 
Refer to the site conceptual model (Figure 3). 
Potential human receptors of the impacted groundwater were identified as follows: 
x Residents, as pre-existing residential properties border the Site and it is 










x Commercial property employees, as some commercial properties are located 
across Waldeck Street to the south; 
x Recreational users, due to the proximity of a school and an oval to the Site; 
x Excavation or maintenance workers, instructing work at groundwater level. 
Potential environment receptors of the impacted groundwater were identified as 
follows: 
x Irrigation using extracted impacted groundwater, as surrounding properties 
may extract and use shallow groundwater; 
x Groundwater impact, as it is established that groundwater is approximately 
3.5m BGL. 
2.3.5 Exposure Pathways   
Refer to the site conceptual model (Figure 3). 
x Migration of vapours to surface; 
x Dissolved phase in groundwater to surface via bore extraction. 
3. METHODS  
The tasks undertaken throughout this project were as follows: 
1. Literature review – A literature review of the available remediation techniques 
was undertaken to develop an adequate understanding of their potentials. 
2. Soil data review – Data from the 1998 environmental site assessment and 
the 2007 validation sampling was reviewed to delineate the extent of the soil 
contamination.  
3. Groundwater data review – Historical groundwater data was reviewed to 
delineate the dissolve phase plume and visualise any trends that were 
present. 
4. Collation of data – data was consolidated to produce a conceptual site model 










5. Site background – Historical data was reviewed to ensure any previous 
contamination sources were not still present. 
6. Review previous environmental works/reports – All prior environmental 
reports were examined to gain a clear understanding of the local geology and 
hydrology, along with any work undertaken in the area. 
7. Site map amendments – The Site map was amended to ensure any additional 
bores or wells were added.  
8. Contamination section – Historical data was collated to show clear trends and 
contaminants of concern. Mass calculations of the contaminants were carried 
out that were then used within the modelling. 
9. Natural Attenuation data review – Historical groundwater chemistry data was 
reviewed to ensure natural attenuation had not been affected over time and 
was still functional. 
10. Set remediation target – A target to which the groundwater will be 
remediated to was set using the World Health Organisation and the 
Department of Health guidelines. 
11. Remedy options/research – All suitable remedial techniques found during the 
literature review were included in the options for remediating. 
12. Remedy selection – The options were run through a selection matrix to 
guarantee the most suitable was nominated. 
13. Remedy design – The remediation system was designed including oxidant 
loads, oxidant type, positioning and depths. 
14. Modelling – Computer based modelling was carried out using BIOSCREEN to 
illustrate the removal of the contaminants in two scenarios, 90% removal or 
no removal of the source.  
4. RESULTS - PART A. SITE INVESTIGATION 
4.1 GEOLOGY AND HYDROGEOLOGY 
4.1.1 Site Soil Conditions 
Field observations undertaken in 2007 noted primarily cream/grey fine to medium 










underlain by a 0.1m thick band of cream calcrete and/or compacted clay. Nearing 
the watertable (between 3.5 and 4.0m BGL) cream sandy clay was observed, which 
graded to dark grey clay at the extent of excavations (between 4.0 and 6.0m BGL) 
see Figure 4.1 and 4.2 for a detailed soil cross-section of the Site.  
During decommissioning an excavation was extended over a majority of the Site at 
depths between 3 - 6.5m BGL. The excavation was then backfilled with clean soil 
from the Site and fill soil that was imported from a sand quarry.  
4.1.2 Hydrogeology 
Regionally, the Site is located in a valley with a steep hill to the East and an upwards 
slope to the West. The Indian Ocean is approximately 1km North-West of the Site. 
Based on groundwater monitoring data, groundwater on-Site occurs at 
approximately 2.75 to 4.0m BGL. The groundwater has a very flat gradient and pools 
on-Site with a slight trend towards flow in a South-Westerly direction. Historically, 
standing water levels in wells exhibit consistent seasonal variation indicating that 
the aquifer is unconfined (Perth Groundwater Atlas 2004). 
4.2 CONTAMINATION 
Since decommissioning in 2007, Junction Auto’s has been monitored at six-monthly 
intervals under BP’s groundwater monitoring program. While the validation samples 
taken during the remedial works indicate the source of contamination was removed, 
the groundwater monitoring data suggests that significant residual contamination 
remains in the South-Western border of the site. Appendix B and C detail the 
historical groundwater monitoring data as well as the soil validation samples which 
were taken in 2007.  
4.2.1 Groundwater Impact 
Continually overtime, monitor wells MW3 to MW6 have had the highest 
concentrations of Total Petroleum Hydrocarbons (TPH) and Benzene, Toluene, Ethyl-
benzene and Xylene (BTEX). Concentrations ranged between 18370 - 1340µg/L 
(TPH) and 3896 - 304µg/L (BTEX). While wells (MW9 – MW11) located in a Western 
direction occasionally received small TPH and BTEX readings. 
Pre-excavation (Figure 5) monitoring demonstrated that MW1 – MW6 and MW12 
contained elevated hydrocarbon concentrations. Historically, MW9 – MW11 have 
received small concentrations with groundwater level variations, while MW7 and 
MW8 were continuously ‘non-detect’. 
Post-excavation (Figure 1) monitoring demonstrated that the TPH and BTEX levels 
in MW3 – MW6 have seasonally fluctuated, although reductions have been 










concentrations although reductions are evident. All other pre-existing and newly 
installed wells have remained ‘non-detect’.   
After the most recent monitoring event (January 2014), the dissolved phase plume 
appears to be delineated by MW9, MW10, MW11, MW13 and MW14. Covering 
approximately 400m2, the extent of the plume tends to sit below the footpath on 
the eastern side of Durlacher St and flows gradually in a Westerly direction. The 
vertical extent of the dissolved phase has not been delineated, however due to the 
flatness of the groundwater it can be assumed to be uniform across the ‘smear 
zone’ between 3 – 4m BGL (Figure 4.3).   
The source of contamination is suspected to be at the North-Western border of the 
Site, which could not be removed during decommissioning in 2007. The extent of 
the source is unknown due to a neighbouring road and underground services 
rendering the area inaccessible. While the exact location is not known, the plume 
has been delineated (Figure 6) and tends to sit below the footpath and road. 
4.2.2 Soil Impact 
Due to the excavation depth and the results from 63 validation samples taken during 
the decommissioning, impacted soil highlighted in the 1998 Soil borings (Appendix 
D) and the 2002 Kerosene UST removal (Appendix E) are no longer of concern.  
There were just two validation soil samples collected in 2007 that indicated 
hydrocarbon impact: 
x VS19, 5.0 collected at a depth of 5.0m BGL from the South Western corner 
of the Site contained concentration of 25mg/kg (TPH) and 12mg/kg (BTEX) 
and;  
x VS40, 6.0 collected at a depth of 6.0m BGL from North of the forecourt 
contained concentration of 47mg/kg (TPH) and 30mg/kg (BTEX).  
The remaining 61 ‘non detect’ samples gathered demonstrate the significant 
evidence that the majority of contamination has been removed from the area. 
Although when observing Figure 7 it is evident that the excavation does not 
completely extend to the footpath on the south-western side of the Site, which is 
the area of highest concentrations. Without further soil examination it cannot be 
said that the soil of that area is not contaminated. 
For the purpose of this report it will be expected that the source is situated 3 - 4 
mBGL through the line of MW3 – MW6 (approximately 80m2) on the North-western 











Figure 4.3: Groundwater Levels 
Figure 4.3 details the highest and lowest historical groundwater levels around the 
suspected source. It can be assumed that this is also the ‘smear zone’ of the 
source.  
4.3 NATURAL ATTENUATION 
The objective of natural attenuation processes is to remove and degrade 
contaminants within the soil and groundwater. In a controlled and monitored 
situation, it is to achieve a desired remediation target within a given time (USEPA 
2008). Natural attenuation (NA) parameters for dissolved oxygen (DO), sulphate, 
nitrate, ferrous iron and redox, were collected throughout the groundwater 
monitoring program and are shown in Appendix F. 
4.3.1 Transect 
Sampling for additional NA data was conducted in February 2014 through a transect 
of MW3, MW9 and MW15, to detail the water chemistry across the plume. This 
data is detailed below in Table 2. 
An increased level of Methane and a reduction in DO across the plume, specifically 
in impacted well MW3, suggests that natural attenuation is occurring to some 
extent (WA Department of Environment 2010). 
Highest level (7/00) 










Table 2: Transect MNA Data 





MW3 6950 1.19 -269.8 
MW9 ND 3.9 -239.2 
MW15 ND 3.84 -162.7 
 
4.3.2 Natural Attenuation Summary 
The following data is summarised from Appendix F and Table 2: 
x The redox potentials (-257 to -289mV) of heavily impacted wells (MW3 – 
MW6) were significantly higher than that of ‘non-detect’ wells (MW15)(-
162mV). Negative redox potential and reduced DO indicates anaerobic 
conditions (WA Department of Environment 2010); 
x Dissolved Oxygen (1.19 to 3.84 mg/L) fluctuated over the Site, while wells 
with increased hydrocarbon concentrations yielded lower levels. Low DO 
suggests microbial activity may be occurring in these wells and is conducive 
with the negative redox potential results (Chui et al. 2013); 
x Low sulphate concentrations (3 – 25 mg/L) reported in MW3 – MW6 and 
relatively high concentrations (104 mg/L) reported in ‘non-detect’ wells are 
indicative of biodegradation processes occurring (Department of Environment 
2010); 
x Nitrate was low throughout the Site and was only recordable in ‘non-detect’ 
wells such as MW15 (1.75mg/L), indicates nitrate is being consumed and 
assisting in NA (Department of Environment 2010); and 
x High Methane (CH4) concentrations were reported within the plume, 
increasing with the extent of contamination. Methane is a product of 
methanogenesis and is a secondary indicator of NA (Department of 
Environment 2010). 
While NA is evident over the Site, the rate of which it is occurring may eliminate it 











4.4 REMEDIATION TARGET 
According to the Department of Environment’s Perth Groundwater Atlas (2004) the 
conductivity of brackish water ranges between 1001 and 5000 mg/L. Due to the 
conductivity (670 – 1340 mg/L) of the local groundwater, future use is suitable for 
non-potable short-term irrigation. The following (Table 3) outlines the parameters of 
the remediation target. Remediating to these guidelines set by BP will allow for 
future residential use of the Site.  




Notes for Application 
Benzene 10 DoH 2006 
Toluene 25 DoH 2006 
Ethylbenzene 3 DoH 2006 
Xylene 20 DoH 2006 
C6-C9 3000 As based on criteria for TPH C9-C10, >C10-C12 and 
>C12-C16 (aliphatic). Noting guidance for use of 
speciated criteria for BTEX constituents, TPH C6-C9 
should be subtracted of BTEX constituents prior to 
comparison to these criteria. (WHO 2004) 
C10-C14 1000 Lowest of critieria for TPH >C10-C12 and >C12-
C16 (aromatic) and TPH C9-C10, >C10-C12 and 
>C12-C16 (aliphatic). (WHO 2004) 
C15-C28 
C29-C36 
900 Critieria for TPH >C16-C21 and >C21-C35 
(aromatic). No criteria provided for equivalent 
aliphatic fractions as solubility limits of these 











5. RESULTS - PART B. OPTION ANALYSIS 
5.1 REMEDY SELECTION 
The remediation technique to be selected is required to treat what remains of the 
source. Along with remediating, the technique must also be site suitable when 
considering its residential surroundings, security and visual impact. Technologies 
that are currently in use or that have previously been successful in similar situations 
were considered. These technologies are as follows: 
5.1.1 Remediation Techniques for Consideration 
1. Monitored Natural Attenuation 
2. Air Sparging 
3. Permeable Reactive Barrier  
4. Pump and Treat 
5. In Situ Chemical Oxidation 
6. Enhanced Biodegradation (Sulphate) 
7. Enhanced Biodegradation (Oxygen) 
8. Multi-phase Extraction 
9. Wetland Treatment Cell  
5.1.2 Remediation Techniques 
5.1.2.1 Monitored Natural Attenuation (MNA) 
Monitored natural attenuation (MNA) is the observation of natural biological 
degradation processes of contaminants in impacted groundwater. Identifying 
biological degradation processes can be difficult, so monitoring comprises of 
surveying lines of evidence or indicators, as described by WA Department of 
Environment (2010):  
x Primary indicator – reducing trend in contaminant concentrations within the 










x Secondary indicator – reduction in dissolved oxygen, redox potentials, NO3 
and SO4. Production of Fe2+ and CH4. Primary and secondary indicators are 
generally required to provided sufficient evidence of MNA; 
x Tertiary indicator – A laboratory count of indigenous bacteria within the plume 
that are capable of degrading the contaminants. Tertiary line of evidence is 
usually only completed if previous indicators are inconclusive. 
Studies undertaken by Chui (2013) and Naidu et al. (2012) demonstrated that both 
TPH and BTEX reductions were found when using MNA for amending contaminated 
groundwater. Whilst reductions can take a significant length of time, MNA can be 
very effective. For example, 86.6% BTEX removal efficiencies have been noted in 
some cases (Chui 2013). 
The stages by which parameters degrade and produce are detailed in Figure 8.  
 
Figure 8: Natural Attenuation specie production and degradation 
5.1.2.2 Air Sparging 
Air sparging is the injection of pressurised air below the water table at the estimated 
depth of the contamination. This technique simultaneously volatilizes hydrocarbons 
and introduces oxygen to enhance biological attenuation. While the increased DO is 
effective in reducing contaminants over time, the initial volatilization is the principal 
mass removal process (Zouh et al. 2013). Air Sparging is favoured in sandy soils 
with a higher density of air pathway distribution as the larger pore space allows for 
volatilization. As noted by Zouh et al. (2013), TPH removal rates were 70% in soil 
with high density air pathways, whereas removal was only 40% in zones of low 
density air pathways. However, petroleum hydrocarbons with a lower volatility can 
be difficult to remediate, due to their negligence to volatilization (Zouh et al. 2013). 
Studies undertaken by Zhang et al. (2012) concluded that a larger hydraulic 
conductivity increased the removal efficiency, until the aeration rate exceeded 










5.1.2.3 Permeable Reactive Barrier (PRB) 
A permeable reactive barrier (PRB) is a subsurface wall made up of reactive material 
used to intercept and treat contaminated groundwater. This technology functions in 
two ways - containing the contamination to an area and allowing treated water to 
flow down gradient (Thiruvenkatachari et al. 2008). The wall make-up can vary from 
each application, usually depending on the groundwater chemistry and pollutant 
concentrations. In most cases, oxygen releasing compounds (ORCs) such as CaO2 
or MgO2 are used to increase microbial growth and enhance aerobic reactions 
within the plume. Bench scale testing of permeable reactive barriers reported by 
Yeh et al. (2010), found that the optimum ratio of CaO2 in the ORC was 40%, 
yielding the best BTEX removal. Benzene, toluene, ethyl-benzene and xylene 
removal efficiencies were 32, 44, 75 and 75%, respectively.  
Guerin et al. (2002) demonstrated how a ‘funnel and gate’ PRB system could be 
implemented to manage hydrocarbon contaminated groundwater along side a river. 
Over the 10-month period, removal efficiencies varied from 63% to 96%, with the 
most effective removal being in the C15-C28 fraction. 
5.1.2.4 Pump and Treat 
A pump and treat (PAT) system extracts groundwater from a dissolved phase plume 
and treats it at surface level before injecting it back down into the water table. The 
technique is typically used when targeting migrating dissolve phase plumes and 
tends not to be as effective with non-aqueous phase liquids (Sharma & Varandani, 
2013). Once extracted, groundwater is treated biologically, mechanically or 
chemically before being discharged back into the aquifer or transported for disposal. 
This remediation method can be used as an auxiliary to other techniques or 
implemented on its own, depending on site requirements/future use. For example, 
a study undertaken by Yang (2014) found that after implementing a PAT system 
accompanied with a landfarm to treat a dissolved phase plume, benzene 
concentrations dropped from 0.056 and 0.12 mg/L to 0.0089 and 0.0017 mg/L in the 
groundwater. 
5.1.2.5 In-Situ Chemical Oxidation (ISCO) 
In-Situ Chemical Oxidation (ISCO) is a remedial technique for hydrocarbon impacted 
soil and water, which involves the introduction of chemical oxidants into the sub-
surface contaminated zones. Once mixed with impacted soil and water, the 
oxidants react with the contaminants to produce less harmful chemical species such 
as water (Huling and Pivetz 2006, Liang et al. 2011). The four most frequently used 
oxidants are permanganate (MnO4-), hydrogen peroxide (H2O2), persulphate (S2O82-), 










desired outcome, for example, H2O2, S2O82- and O3 are highly reactive and react over 
a short period, while MnO4- reacts slowly over time enabling larger areas of effect 
(Huling and Pivetz 2006). Oxidants can be pumped as liquid, solids or gas, having 
different advantages depending on the site conditions. At some sites, a catalyst or 
and amendment is used with the oxidant. A catalyst is a chemical that increases the 
strength or speed of a process enabling a complete oxidation (Siegrist et al. 2011).  
A bench scale study undertaken by Liang et al. (2011) demonstrated a 95-99% 
benzene removal through the oxidation of ferrous iron catalysed sodium persulfate. 
It was observed that the persulfate did not completely oxidise, although the addition 
of ferrous iron as a catalyst allowed for increased oxidation rates. Herrington (2007) 
found benzene reduction of 76% and a MTBE reduction of 85% using two injection 
rounds of Regenox as an oxidant.  
5.1.2.6 Enhanced Biodegradation (EB) 
Enhanced biodegradation (EB) of hydrocarbon contaminated soil and water includes 
a broad range of techniques, which predominantly involve the injection of nutrients, 
oxygen and/or other amendments. In naturally occurring concentrations, these 
components can limit the extent of biological attenuation (Cuthbertson & 
Schumacher 2010). Generally oxygen and sulphate are injected into the sub-surface 
when treating hydrocarbon contamination as they promote natural attenuation 
where ‘food’ has been depleted (Zhao et al. 2014).  
Studies carried out by Chen et al. (2010) found that in a contaminated groundwater 
plume where natural attenuation was already occurring, introducing air increased the 
BTEX removal from 92% to 99%. Similarly Zhao et al. (2014) investigated the 
introduction of dissolved oxygen, nitrate, chelated Fe3+, and sulphate as electron 
acceptors, in anticipation of degrading BTEX and TPH concentrations. In this case 
Nitrate was found to be most effective with a first order decay coefficient of 0.0432, 
although selecting the correct amendment was determined by the biochemical 
properties of the aquifer (Cuthbertson & Schumacher 2010).   
5.1.2.7 Multi-phase Extraction (MPE) 
Multi-phase extraction (MPE) is the removal of contamination in various forms such 
as soil vapour, PSH and groundwater. The extraction is achieved with the use of 
vacuum pumps, vapour/fluid separator, pipework and extraction wells. MPE 
systems can be fixed or portable depending on the plume size, site needs and 
restrictions. This method can be used in conjunction with other technologies to treat 











A field study carried out by Gabr et al. (2012) demonstrated that through the use of 
prefabricated vertical wells 1.87L/h of light non-aqueous phase liquid (LNAPL) could 
be removed effectively. Efficiency was slightly affected as the volume of LNAPL 
reduced from 0.08 – 0.067m. At the end of the operation it was found that the 
vapour phase removal was the most effective due to volatilization, capturing 467kg 
of organics. 
5.1.2.8 Wetland Treatment Cell 
Constructed wetlands or wetland treatment cells can be used to treat contaminated 
water through an arrangement of vegetation, filter mediums and accompanying 
bacteria. There are many forms of wetlands, although they all consist of three 
zones: inlet or sedmentation zone, macrophyte zone and an outlet zone (Melbourne 
Water 2010). Hydrocarbon removal is primarily achieved by volatilization and 
biodegradation in the macrophyte zone, however each zone is complimented by 
each other (Kadlec & Wallace 2009).  
Marsh (2012) demonstrated through the use of treatment ponds, industrial effluent 
could be effectively treated for discharge. Hydrocarbon removal efficiencies for C6-
C9, C10-C14, C15-C28, C29-C36 were 80%, 94%, 95% and 74% respectively, however 
issues with toluene removal were noted. Similarly, BP’s Casper refinery was 
converted into an 18-hole golf course surrounded by treatment lakes and wetlands, 
now treating 11000m3/day of benzene contaminated water (Sinke & Tsao 2014). 
The site is expected to repair itself in approximately 400 years although considering 
the 113.6 million litres that leaked this remediating time is proportional. 
5.1.3 Selection Matrix 
Following the steps shown by Dodgson et al. (2009), each option considered for 
remediating was critiqued using a multi-criteria assessment, shown in Table 4.2 
below. The total score was calculated by the sum of the weighted scores, where 
the weighted scores are the individual scores multiplied by the weighting factors for 
each stakeholder (detailed in Table 4.1). For example, PRB’s O&M costs would be 
calculated by multiplying 3 by each of the weighting factors (6, 3, 4 & 3) and adding 
them all together. The stakeholder’s were:  
x BP;  
x Geraldton residents; 
x  Mainroads, and; 










 The assessment resulted with ISCO receiving the highest score (1860 points).  
Table 4.1: Weighting Factors 
Weighting Factor Details 
Health & Safety to BP & 
Contractors 
Health and safety issues related with activities carried out by BP 
employees and contractors. 
Health & Safety to the Public Health and safety issues related with activities carried out in 
public areas. 
Limiting odour generation Minimising odour generation during remedial activities. 
Limiting noise generation Minimising noise generation during remedial activities. 
Technical suitability Remedial activities are practical and correct to the confined area. 
Limiting further migration of 
dissolved phase 
Maintaining contamination to the impacted area.  
Minimising vapour generation in 
vadose zone 
Minimising vapour generation in the impacted area during 
remedial activities. 
Amendable to Geology Minimising disruption to the local soil and groundwater. 
Minimise volume of groundwater 
removed 
Minimise groundwater extraction and maintain groundwater 
levels. 
Capital Costs  Cost of implementing remedial system. 
O&M costs Cost of running and maintaining the remedial system. 
Energy Costs  Minimising energy usage. 
Time to reach remediation 
endpoint 
Minimising time to remove contamination. 
Footprint / Suitability to site 
logistics 
Ease of implementing and running the remedial system 
considering the site location and restraints. 
Regulatory / Auditor Acceptance 
& Approval 










Table 4.2: Remediation Selection Matrix 
 "Rating 
1 = Little to no 
value 
5 = Some value / 
uncertain 













































































































































































































































BP 7 7 3 4 9 9 6 8 5 6 6 4 8 8 7  
Residents 7 7 6 5 3 7 3 3 5 3 3 5 7 6 6  
Mainroads 7 7 3 4 7 8 4 7 5 4 4 4 7 7 7  
DER 7 7 6 5 4 8 8 7 8 3 3 5 7 6 9  
Natural 
Attenuation 
5 5 5 8 3 3 3 5 5 5 5 5 1 8 5 1764 
EB (sulphate) 5 3 5 8 3 4 3 5 5 5 5 5 3 6 3 1688 
EB (oxygen) 5 3 5 8 3 4 3 5 5 5 5 5 3 6 3 1688 
Multi-phase 
Extraction 3 3 3 3 4 3 5 5 3 3 5 3 3 3 5 
1416 
ISCO 3 3 3 5 8 8 2 5 5 3 3 5 5 7 3 1860 
Pump & Treat 5 3 3 3 4 3 5 5 8 3 3 3 3 3 3 1468 
Wetland 
Treatment Cell 
5 3 2 6 3 3 5 5 7 3 5 5 1 3 3 1464 
Air Sparging 5 3 5 6 8 7 3 5 5 5 5 5 3 3 3 1848 



















5.2 REMEDY OPTION – IN-SITU CHEMICAL OXIDATION 
5.2.1 Process Description 
In-Situ Chemical Oxidation (ISCO) is a remedial technique used in managing 
hydrocarbon impacted soil and water. Chemical oxidants in their liquid, solid or gas 
form are introduced into the subsurface contaminated zones via injection spears. 
Once mixed with impacted soil and water, the oxidants react with hydrocarbons to 
produce water, carbon dioxide and often heat (Huling and Pivetz 2006, Liang et al. 
2011).  
Chemical oxidants are available in many forms, although the four most commonly 
used are: 
x Permanganate (MnO4-)  
Permanganates in the form of potassium permanganate or sodium 
permanganate are the slowest to degrade of the four oxidants, giving them a 
larger radius of influence (ROI). They are effective in both acidic and alkaline 
conditions, and do not produce heat as a by-product (IDEM 2005). 
Permanganate is a poor degrader of benzene, although has been shown to 
be effective in oxidising petroleum hydrocarbons and other constituents of 
BTEX (Huling and Pivetz 2006). 
x Fenton’s – Hydrogen peroxide (H2O2) 
Hydrogen peroxide is fairly rapid (in minutes) to react giving it a smaller ROI 
than permanganate. The hydrogen peroxide will react in acidic conditions (pH 
between 2.5 and 3.5) with ferrous iron to produced heat and oxygen (ITRC 
2005). It has shown to be effective in degrading both TPH and BTEX under 
the correct conditions (IDEM 2005). 
x Ozone (O3) 
Ozone sparging is the process of injected ozone gas into the contaminated 
area where it reacts within minutes. Being a highly reactive gas, this process 
requires semi-permanent injection infrastructure in the intended treatment 
area. This oxidant can be effective in the removal of TPH and BTEX (IDEM 
2005), however, there is considerable risks attached with gas emissions 
during operations (Huling and Pivetz 2006). 










Persulphate reacts faster than permanganate, although slower than ozone 
and hydrogen peroxide. Similar to Fenton’s, the reaction time is shorter when 
ferrous iron is present or in an area with increased heat (USEPA 2006). 
Persulphate oxidation rate slightly decreases with an increased pH (Huling 
and Pivetz 2006).  
Table 5 illustrates the oxidant properties and their corresponding reactivity 
with contaminants of concern: 
Table 5: Oxidant Properties 
Oxidant Form Persistence 
Reactivity 
TPH Benzene BTEX 
MnO4
- Liquid/Solid > 3 months Good Poor Excellent 
H2O2 Liquid Mins - hrs Excellent Excellent Excellent 
O3 Gas Mins - hrs Excellent Excellent Excellent 
S2O8
2- Liquid/Solid Hrs - weeks Good/Excellent Excellent Good/Excellent 
Given the information above, the following oxidants will not be considered any 
further: 
x Permanganate due to poor removal of benzene; 
x Hydrogen peroxide requires acidic conditions; and  
x Ozone gas poses vapour risks for a residential area. 
Consequently, the oxidant most suited to treating the contamination at Junction 
Auto’s is Persulphate.   
There are three main methods for injecting persulphate into the subsurface: direct-
push injection, via installed wells and recirculated systems. 
x Direct-push injection 
Injecting using direct-push technologies (DPTs) is where small hollow rods or 
tubing are inserted into the subsurface via drill equipment. Near to the rod tip 
there is 0.3-1.5 meters of perforations, which allows for the oxidant solution 
to be delivered. Once a pre-calculated volume of oxidant has been applied, 
the rod may then be removed or pulled to a shallower height where another 










x Installed treatment wells 
Installed treatment wells are a more permanent option to direct-push, where 
multiple injections are required in an area. Similar to a groundwater monitor 
well, the injection well is constructed using slotted pipe at depths of desired 
oxidant delivery. Oxidant can be pressurised or gravity fed into the 
subsurface (Siegrist et al. 2011). 
x Recirculating systems 
A reticulating system can be added to both gas sparging or treatment well 
systems by the addition of extraction wells. These wells are used to extract 
any oxidant that has not reacted and recirculate it back through then injection 
wells (USEPA 2004).  
5.2.2 Persulphate Selection 
Currently within BP, it is recommended that ISCO injection events are carried out 
using the approved persulphate product Klozur® CR. Produced by PeroxyChem, 
Klozur® CR is a combined remedy product consisting of: 
x Activated Klozur® persulphate; and 
x PermeOx® Plus, an engineered calcium peroxide. 
As defined by PeroxyChem (2014), “Klozur® CR is formulated to provide a self-
activated persulfate oxidation system which couples chemical oxidation with aerobic 
and anaerobic bioremediation processes that can last up to one year after 
application”. 
The oxidation process is as follows: 
The Persulfate dissociates in an aqueous solution to form the persulfate anion 
(S2O82-).  S2O82- is capable of oxidising many contaminants, although once catalysed 
it forms the sulfate radical (SO4-), which is a more powerful oxidant (Tsitonaki et al. 
2010).  
S2O82- to SO4- can be achieved by the use of an activator or catalyst such as heat, 
ferrous iron Fe2+, H2O2 or elevated pH (PeroxyChem 2014). 
S2O82- + catalyst   →   SO4•-  + (SO4•- or SO42-) 
PermeOx® Ultra is a specially formulated calcium peroxide implemented to slowly 










CaO2 + 2H2O  →   Ca(OH)2 + H2O2  
2H2O2   →   O2 + 2H2O 
5.2.3 System Design 
5.2.3.1 Oxidant Load Calculations 
Soluble mass calculation:  
According to the BIOSCREEN user manual “The best estimate of dissolvable 
organics in the source zone is obtained by adding the mass of dissolvable organics 
on soils, freephase NAPLs, and residual NAPLs. This quantity is used to estimate 
the rate that the source zone concentration declines” (USEPA, 1996). In this case 
due to absence of soil data in the source zone, 1998 ESA soil data throughout the 
vadose zone will be utilised to calculate the mass of soluble organics. 
Assumptions:  
x The source concentration and size is uniform across the front of the site. 
x The concentration in the source zone is the average BTEX concentration 
detected at ~3.7m in soil bore’s B8, B16, B19, B29 and B34 (Appendix D) 
x The average BTEX concentration at ~3.7m is 237.2mg/kg 
x All short chain TPH is made up of BTEX constituents 
x Soil bulk density = 1.65kg/L (Department of Minerals and Energy 1995) 
x The source sits between 3-4mBGL and has an area of 40m x 2m. 
Mass in soil 
Source volume = 40m x 2m x 1m = 80m3 o 80000L 
Mass of source area = 1.65kg/L x 80000L = 132000kg   












x Oxygen demand for complete oxidation is calculated using the stoichiometric 
relationship between the hydrocarbon component and the oxygen required 
for complete combustion 
x Hydrocarbons are completely oxidised to water and carbon dioxide with no 
biomass production. 
x The concentration in the source zone is the average BTEX concentration 
detected at ~3.7m in soil bore’s B8, B16, B19, B29 and B34 (Appendix D) 
x Klozur® consists of 11.3% oxygen 
Table 6: Oxidant Calculation 






















TPH C6-C9  
 Benzene 2.857 3.20 100.16 286.15 2.5 
 Toluene 2.909 31.80 995.34 2895.44 25.6 
 Ethylbenzene 2.973 28.26 884.53 2629.73 23.2 
 Total Xylenes 2.947 173.82 5440.56 16033.35 141.8 
TPH C10-C36 3.457 1553 48608.90 168041.0 1487.0 
Total - - 56029.50 189885.64 1680 
According to the above calculations, the mass of Klozur® required for complete 
oxidation of the source is 1680kg. This will be applied over 12 months in one 
injection event. The water required to inject 1680kg (dry weight) of Klozur® based 
on the recommended mixture (10%w/w) is: 
x 1680kg Klozur® : 16800kg water 
5.2.3.2 Injection Locations 
According to ISRR Injection Working Group (2009) the chemical injection safety 
standards radius of influence (ROI) for poorly graded sands to silty sands is <4.5m 










the ROI, however to allow for adequate overlapping in sand and clay areas, the ROI 
can be decreased to ensure a sufficient dosage is met.  
Figure 9 shows the nine injection points, one row of four points in line with the 
monitor wells and the other row of five slightly to the east of the monitor wells. The 
injection spacing will be approximately 5 meters, to depths between 4 and 3 
meters. 
Prior to injecting to confirm the exact depth and location of the source zone, push 
tube soil sampling and PID readings will be taken on four of the injection locations. 
This is to clarify that the available data that has been reviewed is accurate and that 
the oxidant injection is precise. 
5.2.3.3 Delivery System 
The injections will be undertaken using the direct-push method (detailed above). As 
the groundwater data is representative of the soil impact, each point will receive a 
dosage based on the corresponding monitor well concentrations of TPH and BTEX, 
these are as follows:  





Dosage ratio Klozur® Weight 
(kg) 
Water volume (L) 
MW 3 (3 points) 29122 12:1 917 9170 
MW 4 (2 points) 17767 7:1 533 5330 
MW 5 (2 points) 2383 1:1 78 780 
MW 6 (2 points) 4642 2:1 152 1520 
Total - - 1680 16800 
Note: these volumes are subject to the PID readings that will be collected prior to 
commencing the injection event. 
5.2.3.4 Operation Period 
The operation period for one injection event will be 12 months to allow for two 
monitoring events to take place. If the groundwater monitoring data deems the site 
to be clean then the second injection will not take place. However if a second 











5.2.3.5 Conceptual Drawing 
See Figures 3, 9 and 10 for more information.  
5.2.4 Modelling 
Computer based modelling was carried out using Excel based program 
BIOSCREEN, which simulates remediation through natural attenuation. The method 
undertaken is detailed in the BIOSCREEN Natural Attenuation Decision Support 
System User’s Manual Version 1.3. 
The purpose of this modeling was to observe the natural attenuation of the 
contamination over time under two circumstances; 90% removal of the source, or if 
the source remained untouched. 
The outcome of the BIOSCREEN modeling illustrates that in the case where the 
source of contamination remained untouched, the plume will be present in 10 years 
with a peak concentration of 1.63µg/L. While, in the case of 90% removal the plume 
will be removed after 5 years. Refer to Appendix G for BIOSCREEN results.  
Table 8: Modeling Parameters 
Parameter Value Source of Data 
1. Hydrology 
Hydraulic Conductivity (K) 9E-03 (cm/sec) fine to medium grained sand 
Department of Minerals and 
Energy (1995) 
Hydraulic Gradient (i) 0.026 (ft/ft) Field data 
Porosity (n) 0.3 Department of Minerals and 
Energy (1995) 
2. Dispersion 
Estimated plume length 65 (ft) Field data 
3. Adsorption 
Soil bulk density (rho) 1.65 (kg/L) Department of Minerals and 
Energy (1995) 
Partition coefficient (Koc) 240 (L/kg) USEPA (1996) for Xylene 











Solute half-life 0.02 (year) USEPA (1996) for Xylene 
Delta Oxygen 1.66 (mg/L) Field data 
Delta Nitrate 8.04 (mg/L) Field data 
Ferrous Iron 0.06 (mg/L) Field data 
Delta Sulphate 350 (mg/L) Field data 
Methane 8.032 (mg/L) Field data 
5. General 
Modelled area length 98 (ft) Field data 
Modelled area width 131 (ft) Field data  
6. Source Data 
Source thickness 3.3 (ft) Field data 
Width  (ft) Field data 
Concentration (mg/L) Field data 
Soluble mass 31.3 (kg) Calculation/Assumption 
7. Field Data for Comparison 
Concentration (mg/L) Field data 
NOTE: Units as per BIOSCREEN inputs, conversions were done using Wolfram 
Alpha online calculator. 
5.2.5 Technical Risks 
The most significant technical risk with ISCO is the capacity to introduce the oxidant 
to uniformly contact the contamination. The chance of successful removal is 
diminished if the oxidant cannot uniformly contact the impacted area (Huling and 
Pivetz 2006). This risk will be greatly reduced by the use of a PID and push-tube 










Preferential pathways may occur due to a foreign soil filling applied after 
decommissioning, if this was to occur it has the ability to reduce the effectiveness 
of the oxidant. However, this will not be known until after the injection. 
5.2.6 Logistical Risks 
5.2.6.1 Land Use 
Due to the site being vacant, there should not being any problems concerning the 
land use. However, ‘dial before you dig’ and cable location services will be 
consulted due to excavating near to services such and electricity, gas and water. 
5.2.6.2 HSSE 
ISCO requires strict health and safety procedures for handling chemicals and 
injecting them into the subsurface. A Health and safety plan will have to be 
produced prior to commencing work. 
5.2.7 Regulatory Acceptance 
All documentation will be reviewed by an accredited contaminated sites auditor and 
any further works are subject to approval.  
6. CONCLUSIONS AND RECOMMENDATIONS 
Based on the historical, field and analytical data acquired during the course of this 
Remediation Action Plan, the following conclusions and recommendations have 
been made. 
The Site history: 
x BP leased the Site from August 1957 to February 2003, where a workshop 
and service station was operated until 2007, when it was decommissioned. 
x In 2007 the Site was decommissioned by BP environmental staff, this 
included removal of petroleum infrastructure and excavating contaminated 
soil to 6mBGL. 
x During field operations BP staff noted cream/grey fine to medium grained 
sands in 3 to 4m BGL, underlain by 0.1m thick band of compacted clay. Near 
to the water table, between 2.75 and 4m BGL, it observed that the sandy 










x In October 2008, Lot 34 was classified under the Contaminated Sites Act 
2003 as ‘Contaminated – remediation required‘ by the Department of 
Environment and Conservation.  
The extent of contamination: 
x The groundwater data reviewed indicates that a 400m2 dissolved phase 
plume is present at the front of the Site on Durlacher St. The plume is 
delineated by MW9, MW10, MW11, MW13 and MW14, with peak TPH and 
BTEX concentrations of 18370 and 3896µg/L respectively. 
x While there was a lack of soil data, it was assumed that there is impacted soil 
between 3 and 4m BGL along Durlacher St. This source zone is assumed to 
be approximately 80m2, with average TPH and BTEX concentrations of 237.2 
and 1553mg/kg respectively. 
Summary of findings: 
x The groundwater chemistry data over the plume suggests that natural 
attenuation is occurring. In this case, the parameters that suggest NA are: 
reduced redox potentials (-257 to -289mV); lowered DO (1.19 to 3.84µg/L), 
low sulphate concentrations (3 – 25 mg/L), methane concentrations 
(6950µg/L) and nitrate only in ‘non-detect’ wells. 
x The target to which the Site will be remediated to was set using World 
Health Organisation and Department of Health drinking water guidelines. 
x Nine remedial techniques were reviewed using a multi-criteria analysis. The 
analysis included BP, Geraldton residents, Mainroads and the DER as 
stakeholders. Of the nine techniques, in-situ chemical oxidation scored the 
highest with 1860 points. 
x The oxidant that is most suitable to this site is persulphate due to pH, 
benzene removal and lowered risk of off-gassing. Klozur® CR is an approved 
product used within BP for persulphate injections. 
x Modelling using BIOSCREEN indicates that with 90% removal of the source 
the plume will have degraded after 5 years, in comparison to 1.63µg/L after 
10 years if there is no source removal. 
Recommendations: 
x Pre-injection sampling –push-tube 4 soil samples with PID reading to 










x Inject the chemical oxidant Klozur® CR along Durlacher St in 9 injection 
locations as shown in Figure 9.  
x Total weight needed for complete oxidation of the source is 1680kg Klozur® 
and 16800kg water. 
x Injections will be done using the push-tube method 
x Continue with bi-annual groundwater monitoring to ensure complete 
hydrocarbon removal and if possible re-inject where needed.  
7. LIMITATIONS OF REPORT 
This report has been prepared for BP Australia Pty Ltd and Murdoch University as 
part of an industry placement. The findings of this report are based on the site 
conditions observed during environmental works between 1998-2014. Due to the 
nature of the data available, assumptions were made when determining the 
contaminant mass and therefore the oxidant required. This may influence the 
accuracy of the conclusions and recommendations from this report. For this reason, 
no warranties are made or intended. 
8. REFERENCES 
BP Australia Limited (1999) Specification for Conducting Environmental 
Investigations.  Specification No: ESA – 99/1 (Issue 2, June 2001).  
Chen, K. F., C. M. Kao, C. W. Chen, R. Y. Surampalli, and M. S. Lee (2010) "Control 
of petroleum-hydrocarbon contaminated groundwater by intrinsic and enhanced 
bioremediation." Journal of Environmental Sciences 22, 6: 864-871. 
Chiu, H. Y. (2013). "Application of natural attenuation for the control of petroleum 
hydrocarbon plume: Mechanisms and effectiveness evaluation". Journal of 
Hydrology. Amsterdam (0022-1694), 505, 126. 
Cuthbertson, J., and M. Schumacher (2010) "Full scale implementation of sulfate 
enhanced biodegradation to remediate petroleum impacted groundwater." In 
Proceedings of the Annual International Conference on Soils, Sediments, Water 










Dodgson, J. S., M. Spackman, A. Pearman and L.D. Phillips, (2009) Multi-criteria 
Analysis: a manual. London: Department for Communities and Local 
Government.  
Gabr, M. A., N. Sharmin, J. D. Quaranta. (2012) “Multiphase Extraction of Light Non-
aqueous Phase Liquid (LNAPL) Using Prefabricated Vertical Wells” Geotechnical 
and Geological Engineering. 31: 103-118. 
Guerin, T.F., S. Homer, T. McGovern, and B. Davey (2002) “An application of 
permeable reactive barrier technology to petroleum hydrocarbon contaminated 
groundwater”. Water Research 36, no. 1: 15-24. 
Herrington, T. P. E. (2007) "Rapid In Situ Benzene and MTBE Treatment Using the 
RegenOx (tm) Chemical Oxidation System in a Tight Clay Formation." 
(http://info.ngwa.org/gwol/pdf/082882610.pdf) 
Huling, S.G. and Pivetz, B.E. (2006) In-Situ Chemical Oxidation: Engineering Issue. 
EPA: Cincinnati, OH 
IDEM (2005) In-Situ Chemical Oxidation. OLQ The Office of Land Quality Technical 
Memorandum, 14pp. 
ISRR Injection Working Group (2009) “Technical Report: Subsurface Injection of In 
Situ Remedial Reagents (ISRRs) Within the Los Angeles Regional Water Quality 
Control Board Jurisdiction”.  
ITRC (2005) Technical and Regulatory Guidance for In Situ Chemical Oxidation of 
Contaminated Soil and Groundwater. 2nd ed. Technology & Regulatory Council, In 
Situ Chemical Oxidation Team.   
Kadlec, R.H. and Wallace, S. (2009) Treatment Wetland, 2nd edition. CRC Press 
Liang, S. H., C. M. Kao, Y. C. Kuo, K. F. Chen, and B. M. Yang (2011) "In situ 
oxidation of petroleum-hydrocarbon contaminated groundwater using passive 
ISCO system." Water Research 45, 8: 2496-2506. 
Marsh, D. (2012) “ENG450 Engineering Internship Report: Coogee chemicals”. 
Internship Report, Murdoch University. 
Mateo, J. R. S. C. (2012) Multi Criteria Analysis in the Renewable Energy Industry. 
1st Ed. London: Springer. 










Naidu, R., S. Nandy, M. Megharaj, R. P. Kumar, S. Chadalavada, Z. Chen, and M. 
Bowman (2012) "Monitored natural attenuation of a long-term petroleum 
hydrocarbon contaminated sites: a case study." Biodegradation 23, 6: 881-895. 
PeroxyChem (2014) PeroxyChem Persulfates. 
http://www.peroxychem.com/chemistries/persulfates 
Sharma, A., and N. S. Varandani (2013) "Ground Water Remediation Technologies." 
International Summit on Waste Water Technology for Green Economy May 6-7, 
2013: 9. 
Selley, B. (2008) “Final Preliminary Site Investigation and Environmental 
Decommissioning Report”. BP Junction Auto’s. March, 2008. 
Siegrist, R. L., M. Crimi, and T. J. Simpkin (2011) In situ chemical oxidation for 
groundwater remediation. Vol. 3. Springer 
Sinke, A. and D. Tsao. (2014) “Constructed Wetlands in BP Presentation” 
Thiruvenkatachari, R., S. Vigneswaran, R. Naidu. (2008) “Permeable Reactive Barrier 
for Groundwater Remediation” Journal of Industrial and Engineering Chemistry. 
14: 145-156. 
Tsitonaki, A., B. Petri, M. Crimi, H. Mosbæk, R. L. Siegrist, and P. L. Bjerg (2010) "In 
situ chemical oxidation of contaminated soil and groundwater using persulfate: a 
review." Critical Reviews in Environmental Science and Technology 40, no. 1: 55-
91. 
USEPA (1996) BIOSCREEN Natural Attenuation Decision Support System User’s 
Manual Version 1.3 
USEPA (2004) How To Evaluate Alternative Cleanup Technologies For Underground 
Storage Tank Sites: A Guide For Corrective Action Plan Reviewers  
(http://www.epa.gov/swerust1/pubs/tum_ch13.pdf) 
USEPA (2006) In Situ Treatment Technologies for Contaminated Soil. 
www.epa.gov/tio/tsp 
USEPA (2008) Site Characterization to Support Use of Monitored Natural 
Attenuation for Remediation of Inorganic Contaminants in Ground Water. National 
Risk Management Research Laboratory Cincinnati, OH 45268  











WA Department of Environment. (2004) Use of Monitored Natural Attenuation For 
Groundwater Remediation. Perth: DEP 
WA Department of Health. (2006) Contaminated Sites Reporting Guideline for 
Chemicals in Groundwater. Perth: DoH 
World Health Organisation (2004) Guidelines for drinking-water quality, 3rd ed. Vol. 
1. Summary. Geneva, World Health 
Organization.Yang, J. Z. (2014) "Application of landfarming and pump-and-treat 
system to remediate petroleum-hydrocarbon contaminated." 
Yeh, C.H., C.W. Lin, C.H. Wu. (2010) “A permeable reactive barrier for the 
bioremediation of BTEX-contaminated groundwater: Microbial community 
distribution and removal efficiencies.” Journal of Hazardous Materials 178: 74-80. 
Zhang, S.Y., C. Lv, Q.L. Meng, M.Y. Sun, J.S. Xu. (2012) “Influence Factors of 
Remediation of Benzene in Groundwater by Air Sparging.” Advanced Materials 
Research. 610-613: 1662-1666. 
Zhao, Y., Qu, D., Hou, Z., & Zhou, R. (2014) “Enhanced natural attenuation of BTEX 
in the nitrate-reducing environment by different electron acceptors. 
Environmental Technology, 1-22. 
Zouh, Y.P., Z.Q. Wang, M.M. Li. (2013) “Remediation Performance of Petroleum 
Polluted Groundwater by in Site Air Sparging Technologies.” Advanced Materials 






















































APPENDIX A: CERTIFICATE OF TITLE 
 




















Monitor well Date C6-C9 C10-C14 C15-
C28 
C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
             
MW1 01/07/98 500 680 ND ND 1200 1.9 53 21 100 175.9  
 11/12/99 33 340 ND ND 373 ND ND 2.4 ND 2.4  
 02/07/00 65 2000 670 ND 2735 ND ND 3.1 2.4 5.5 3.138 
 18/01/01 34 320 360 650 1364 ND ND 3.9 ND 3.9 3.315 
 29/08/01 67 4800 1800 ND 6667 ND ND 7 7.6 14.6 3.007 
 24/01/02 ND 250 120 ND 370 ND ND ND ND 0 3.319 
 19/08/02 42 1300 580 ND 1922 ND ND 1.7 5.6 7.3 3.325 
 16/01/03  DESTROYED   0     0  
MW1A 19/08/07 ND ND ND ND 0 ND ND 1.3 3.4 4.7 3.295 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 3.312 
 02/02/08 ND ND ND ND 0 ND ND ND ND 0 3.491 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 3.308 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 3.515 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 3.222 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 3.391 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 3.240 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 3.189 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 3.282 
 29/09/12 ND ND ND ND 0 ND ND ND ND 0 3.197 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 3.375 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 3.287 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 3.412 
MW2 01/07/98 56000 17000 290 ND 73290 570 15000 4100 25000 44670  
 11/12/99 44000 26000 1200 ND 71200 270 10000 3300 24000 37570  
 02/07/00 45000 26000 1100 ND 72100 360 7800 3100 21000 32260 2.972 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 29/08/01 32000 120000 6400 200 158600 390 6200 3100 14000 23690 2.929 
 24/01/02 29000 45000 2900 ND 76900 450 3800 2700 12000 18950 3.165 
 19/08/02 48000 25000 1700 ND 74700 450 5400 3700 19000 28550 2.931 
 16/01/03 16000 14000 2900 1700 34600 530 2600 2700 8300 14130 3.395 
 08/08/03 14000 8300 1200 1100 24600 180 1600 1700 7300 10780 3.281 
 23/01/04 28000 5500 650 450 34600 520 3700 3800 13000 21020 3.432 
 16/07/04 7400 14000 2400 1700 25500 110 220 1100 3400 4830 3.232 
 26/01/05 7100 6400 320 ND 13820 230 98 1700 3600 5628 3.449 
 29/07/05 1300 18000 1100 ND 20400 7.5 55 220 730 1012.5 3.115 
 18/01/06 7800 5500 260 ND 13560 79 180 1800 4200 6259 3.262 
 21/08/06 12000 5500 170 ND 17670 130 350 3000 5900 9380 3.295 
 05/01/07 9100 7400 820 ND 17320 120 65 2400 4800 7385 3.455 
DUPLICATE 05/01/07 7600 4900 880 ND 13380 110 36 2200 4600 6946 3.455 
 11/06/07  DESTROYED   0     0  
             
MW3 01/07/98 42000 4400 ND ND 46400 200 7600 3800 23000 34600  
 11/12/99 94000 43000 1800 ND 138800 47 5800 8100 48000 61947  
 02/07/00 45000 53000 1300 ND 99300 52 2800 3200 21000 27052 3.004 
 08/01/01 22000 4900 150 ND 27050 210 2400 1500 3600 7710 3.205 
 29/08/01 39000 49000 1700 ND 89700 210 4300 3400 16000 23910 2.959 
 24/01/02 28000 81000 6200 380 115580 180 2200 1800 9900 14080 3.208 
 19/08/02 45000 66000 2900 ND 113900 360 5000 3500 21000 29860 3.205 
 16/01/03 23000 16000 1100 ND 40100 310 3500 2300 14000 20110 3.424 
 08/08/03 30000 6300 240 ND 36540 410 6500 2700 15000 24610 3.324 
 23/01/04 280000 4200 120 ND 284320 500 5400 2100 12000 20000 3.462 
 16/07/04 41000 30000 3400 ND 74400 810 10000 3400 21000 35210 3.268 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 29/07/05 23000 7300 210 ND 30510 710 5000 2300 10000 18010 3.131 
 18/01/06 26000 6200 130 ND 32330 700 6000 2400 13000 22100 3.285 
 21/08/06 35000 17000 520 ND 52520 810 7400 3300 17000 28510 3.339 
DUPLICATE 21/08/06 40000 23000 790 ND 63790 980 8800 3300 17000 30080 3.339 
 05/01/07 7000 7900 1800 1500 18200 310 940 160 4400 5810 3.525 
 11/06/07 52000 31000 2600 160 85760 360 3700 4400 31000 39460 3.538 
 19/08/07 2mm PSH 3.355 
 03/10/07 29000 29000 1400 ND 59400 190 4800 1600 16000 22590 3.348 
 02/02/08 9200 53000 4600 480 67280 260 1400 520 4700 6880 3.584 
 22/07/08 40000 36000 2400 400 78800 700 10000 2800 21000 34500 3.352 
 20/02/09 3700 2800 ND ND 6500 230 210 910 1200 2550 3.555 
 24/07/09 44000 7000 230 ND 51230 550 8900 3100 29000 41550 3.236 
 31/01/10 9800 2600 110 ND 12510 230 1600 1600 5800 9230 3.454 
ALS 30/06/10 20900 7260 160 ND 28320 76 1310 2890 15470 19746 3.255 
DUPLICATE 30/06/10 21700 7170 ND ND 28870 70 327 3050 17160 20607 3.255 
 15/07/11 24100 3210 150 ND 27460 120 72 1990 6880 9062 3.242 
 15/02/12 42800 20200 2380 1210 66590 199 145 4390 16300 21034 3.358 
 29/09/12 18600 11800 ND ND 30400 137 71 2470 11600 14278 3.265 
 18/01/13 8910 2560 ND ND 11470 173 31 1720 4430 6354 3.444 
 26/06/13 21600 3950 170 ND 25720 189 78 2420 10600 13287 3.373 
 01/02/14 5400 1810 330 ND 7540 224 22 2200 1450 3896 3.485 
             
MW4 17/07/98 7900 4400 ND ND 12300 24 100 270 1300 1694  
 11/12/99 810 540 ND ND 1350 18 56 48 230 352  
 02/07/00 7300 12000 280 ND 19580 20 67 170 1000 1257 2.752 
 18/01/01 3600 3200 140 ND 6940 59 150 180 780 1169 2.921 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 24/01/02 1500 3800 140 ND 5440 17 9.7 ND 270 296.7 2.935 
 19/08/02 6000 7600 320 ND 13920 60 160 240 1100 1560 2.938 
 16/01/03 2200 1600 ND ND 3800 80 71 260 800 1211 3.155 
 08/08/03 2900 3000 140 ND 6040 110 140 300 820 1370 3.006 
DUPLICATE 08/08/03 3300 3900 160 ND 7360 110 180 290 830 1410 3.006 
 23/01/04 2200 2200 100 ND 4500 120 75 290 740 1225 3.188 
 16/07/04 2900 3100 ND ND 6000 120 140 320 1100 1680 2.991 
 26/01/05 2800 2000 ND ND 4800 130 110 320 1100 1660 3.198 
 29/07/05 2700 1600 ND ND 4300 61 99 270 690 1120 2.839 
 18/01/06 2200 2200 ND ND 4400 61 80 280 770 1191 3.004 
 21/08/06 4500 7000 270 ND 11770 97 8.5 450 1300 1855.5 3.006 
 05/01/07 2500 2800 240 ND 5540 94 ND 350 880 1324 3.233 
 11/06/07 1000 1200 180 ND 2380 37 ND 160 270 467 3.282 
 19/08/07 1800 1800 ND ND 3600 55 23 320 1100 1498 3.087 
 03/10/07 2900 2400 110 ND 5410 65 19 380 1400 1864 3.095 
 02/02/08 1500 1400 ND ND 2900 53 ND 200 440 693 3.308 
 22/07/08 8600 4000 110 ND 12710 120 5.5 670 2600 3395.5 3.068 
 20/02/09 1500 1400 ND ND 2900 35 ND 220 470 725 3.281 
 24/07/09 4800 8800 310 ND 13910 45 ND 640 2000 2685 2.921 
DUPLICATE 24/07/09 5100 8600 300 ND 14000 47 1.3 700 2300 3048.3 2.921 
 31/01/10 3000 2200 ND ND 5200 24 ND 460 1000 1484 3.145 
ALS 30/06/10 8540 15100 670 ND 24310 8 ND 698 2021 2727 2.853 
 15/07/11 19800 14600 560 ND 34960 13 ND 853 1980 2846 2.944 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 29/09/12 220000 68400 1350 ND 289750 19 ND 3380 7320 10719 2.990 
 18/01/13 6100 3600 200 ND 9900 24 ND 559 513 1096 3.166 
 26/06/13 5600 4520 230 ND 10350 21 ND 585 648 1254 3.101 
 01/02/14 5870 9920 2160 420 18370 17 ND 221 33 271 3.215 
MW5 17/07/98 48000 6100 130 ND 54230 460 14000 3000 18000 35460  
 11/12/99 870 660 ND ND 1530 25 300 89 240 654  
 02/07/00 910 240 ND ND 1150 1.6 3.8 17 7.6 30 3.002 
 18/01/01 28 ND ND ND 28 ND ND ND 3.4 3.4 3.241 
 29/08/01 90 170 ND ND 260 1.7 13 8.5 30 53.2 2.999 
 24/01/02 ND ND ND ND 0 1.8 ND ND ND 1.8 3.241 
 19/08/02 ND ND ND ND 0 ND ND 1.2 ND 1.2 3.198 
 16/01/03 ND 48 ND ND 48 7.2 1.9 7.2 5.7 22 3.458 
 08/08/03 31 50 ND ND 81 ND ND 2.8 4.5 7.3 3.343 
 23/01/04 100 29 ND ND 129 21 ND 26 36 83 3.496 
 16/07/04 120 360 ND ND 480 ND ND 6.9 14 20.9 3.294 
 26/01/05 190 47 ND ND 237 19 ND 50 60 129 3.513 
 29/07/05 390 130 ND ND 520 3.3 ND 77 120 200.3 3.172 
 18/01/06 69 200 ND ND 269 2.7 ND 15 16 33.7 3.326 
 21/08/06 430 4300 420 ND 5150 ND ND 41 30 71 3.348 
 05/01/07 ND ND ND ND 0 ND ND ND ND 0 3.537 
 11/06/07 52 230 ND ND 282 2 2.9 8.7 26 39.6 3.496 
 19/08/07 ND ND ND ND 0 ND ND ND 2.2 2.2 3.395 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 3.337 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 22/07/08 980 1000 ND ND 1980 26 ND 210 270 506 4.043 
 20/02/09 190 460 ND ND 650 5.7 ND 76 34 115.7 3.606 
 24/07/09 1900 1700 ND ND 3600 22 ND 570 590 1182 3.307 
 31/01/10 510 1300 ND ND 1810 9.6 ND 210 150 369.6 3.525 
ALS 30/06/10 3550 3050 300 ND 6900 11 ND 783 775 1569 3.392 
 15/07/11 4750 1680 ND ND 6430 12 ND 891 920 1823 3.316 
DUPLICATE1 15/07/11 5470 1550 ND ND 7020 13 ND 1010 1040 2063 3.316 
 15/02/12 3610 1390 ND ND 5000 14 ND 1220 1020 2254 3.410 
 29/09/12 2550 2280 160 ND 4990 14 4 678 528 1224 3.332 
 18/01/13 910 560 170 ND 1640 7 ND 356 69 432 3.493 
 26/06/13 490 320 100 60 970 3 ND 160 11 174 3.420 
 01/02/14 570 530 190 50 1340 7 ND 362 ND 369 3.539 
MW6 17/07/98 15000 24000 360 ND 39360 ND 55 760 2300 3115  
 11/12/99 4100 8300 200 ND 12600 ND 1.7 10 170 181.7  
 02/07/00 4200 11000 170 ND 15370 ND ND 3 90 93 3.151 
 18/01/01 1800 1700 ND ND 3500 12 6 79 150 247 3.395 
 29/08/01 630 1400 ND ND 2030 ND ND 1.3 32 33.3 3.165 
 24/01/02 530 2800 180 ND 3510 ND ND ND 10 10 3.404 
 19/08/02 1300 4500 290 ND 6090 1.3 ND ND 17 18.3 3.382 
 16/01/03 470 2100 190 ND 2760 28 3.7 27 55 113.7 3.631 
 08/08/03 2200 3300 160 ND 5660 100 25 260 870 1255 3.517 
 23/01/04 2500 2500 140 ND 5140 130 22 290 900 1342 3.665 
 16/07/04 3400 8500 530 ND 12430 78 42 290 1400 1810 3.463 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 29/07/05 1800 4900 110 ND 6810 3.2 2.3 160 320 485.5 3.341 
 18/01/06 990 1900 410 ND 3300 7.4 ND 170 240 417.4 3.482 
 21/08/06 2300 2500 ND ND 4800 13 ND 260 370 643 3.524 
 05/01/07 1700 2700 120 ND 4520 12 ND 260 280 552 3.688 
 11/06/07 2300 12000 430 ND 14730 22 2.1 460 420 904.1 3.727 
DUPLICATE 11/06/07 2500 9300 390 ND 12190 22 ND 480 440 942 3.727 
 19/08/07 680 24000 980 ND 25660 14 ND 110 170 294 3.552 
 03/10/07 1500 11000 460 ND 12960 28 ND 190 330 548 3.560 
 02/02/08 680 8400 650 ND 9730 20 ND 34 130 184 3.777 
DUPLICATE 02/02/08 760 8100 440 ND 9300 30 ND 140 190 360 3.777 
 22/07/08 1300 8900 570 ND 10770 44 24 180 330 578 3.558 
DUPLICATE 22/07/08 1200 11000 940 ND 13140 ND ND 510 590 1100 3.558 
 20/02/09 1700 4900 250 ND 6850 28 ND 550 470 1048 3.767 
DUPLICATE 20/02/09 1600 4500 230 ND 6330 24 ND 530 450 1004 3.767 
 24/07/09 1200 7000 340 ND 8540 19 ND 330 370 719 3.484 
DUPLICATE 24/07/09 1500 7900 400 ND 9800 20 ND 440 480 940 3.484 
 31/01/10 1300 3200 190 ND 4690 14 ND 400 360 774 3.694 
ALS 30/06/10 3410 3270 340 ND 7020 22 ND 842 800 1664 3.597 
 15/07/11 3270 2400 210 ND 5880 7 ND 583 153 743 3.475 
DUPLICATE 2 15/07/11 2900 2290 210 ND 5400 6 ND 590 137 733 3.475 
MW6 15/02/12 1520 1280 200 ND 3000 4 ND 512 70 586 3.582 
CONT 29/09/12 1390 1830 260 ND 3480 8 ND 670 6 684 3.483 
 18/01/13 1660 990 ND ND 2650 10 ND 1150 11 1171 3.638 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 ALS mixed up Duplicate 2 and MW22 on lab report 0     0  
 26/06/13 1690 1460 180 ND 3330 5 ND 734 6 745 3.572 
DUPLICATE 2 26/06/13 1900 1400 190 ND 3490 4 ND 776 6 786 3.572 
 01/02/14 1760 1620 260 ND 3640 6 ND 945 6 957 3.694 
DUPLICATE 2 01/02/14 1690 1810 290 ND 3790 7 ND 695 6 708 3.694 
             
MW7 09/10/98 26 ND ND ND 26 ND ND ND ND 0  
 11/12/99  NOT 
SAMPLED 
  0     0  
 02/07/00 ND ND ND ND 0 ND ND ND ND 0 3.932 
 18/01/01 ND ND ND ND 0 ND ND ND ND 0 4.123 
 29/08/01 ND ND ND ND 0 ND ND ND ND 0 3.897 
 24/01/02 ND ND ND ND 0 ND ND ND ND 0 4.136 
 19/08/02 ND ND ND ND 0 ND ND ND ND 0 4.129 
 16/01/03 ND ND ND ND 0 ND ND ND ND 0 4.361 
 08/08/03 ND ND ND ND 0 ND ND ND ND 0 4.245 
 23/01/04 ND ND ND ND 0 ND ND ND ND 0 4.401 
 16/07/04 ND ND ND ND 0 ND ND ND ND 0 4.194 
 26/01/05 ND ND ND ND 0 ND ND ND ND 0 4.424 
 29/07/05 ND ND ND ND 0 ND ND ND ND 0 4.009 
 18/01/06 ND ND ND ND 0 ND ND ND ND 0 4.239 
 21/08/06 ND ND ND ND 0 ND ND ND ND 0 4.265 
 05/01/07 ND ND ND ND 0 ND ND ND ND 0 4.431 
   DESTROYED          










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
             
             
             
MW8 09/10/98 70 290 ND ND 360 ND ND 4.3 ND 4.3  
 11/12/99  NOT 
SAMPLED 
  0     0  
 02/07/00 ND ND ND ND 0 ND ND ND ND 0 3.854 
 18/01/01 ND ND ND ND 0 ND ND ND ND 0 4.003 
 29/08/01 ND ND ND ND 0 ND ND ND ND 0 3.794 
 24/01/02 ND ND ND ND 0 ND ND ND ND 0 4.004 
 19/08/02 ND ND ND ND 0 ND ND ND ND 0 4.003 
 16/01/03 ND ND ND ND 0 ND ND ND ND 0 4.259 
 08/08/03 ND ND ND ND 0 ND ND ND ND 0 4.155 
 23/01/04 ND ND ND ND 0 ND ND ND ND 0 4.295 
 16/07/04 ND ND ND ND 0 ND ND ND ND 0 4.101 
 26/01/05 ND ND ND ND 0 ND ND ND ND 0 4.323 
 29/07/05 47 51 ND ND 98 ND ND 3.2 ND 3.2 3.998 
 18/01/06 ND 51 ND ND 51 ND ND 12 ND 12 4.122 
 21/08/06 ND ND ND ND 0 ND ND ND ND 0 4.161 
 05/01/07 ND ND ND ND 0 ND ND ND ND 0 4.326 
 11/06/07  DESTROYED   0     0  
             
MW8A 19/08/07 ND ND ND ND 0 ND ND ND ND 0 4.425 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 4.450 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 4.441 
 20/02/09 ND ND ND ND 0 ND ND 1.3 ND 1.3 4.631 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 4.381 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 4.571 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 4.475 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 4.358 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 4.436 
 29/09/12 ND ND ND ND 0 ND ND ND ND 0 4.354 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 4.505 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 4.437 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 4.558 
             
MW9 09/10/98 250 160 ND ND 410 ND ND 16 2.6 18.6  
 11/12/99  NOT 
SAMPLED 
  0     0  
 02/07/00 93 69 ND ND 162 ND ND 3.6 ND 3.6 2.665 
 18/01/01 150 ND ND ND 150 ND ND 18 ND 18 2.858 
 29/08/01 150 55 ND ND 205 ND ND 19 ND 19 2.574 
 24/01/02 96 ND ND ND 96 ND ND 21 ND 21 2.837 
 19/08/02 260 280 ND ND 540 1.6 1.6 46 3.9 53.1 2.572 
 16/01/03 88 130 ND ND 218 ND ND 19 ND 19 2.978 
 08/08/03 120 130 ND ND 250 ND ND 15 ND 15 2.955 
 23/01/04 ND 110 ND ND 110 ND ND 3.9 ND 3.9 3.002 
 16/07/04 85 ND ND ND 85 ND ND 1.5 ND 1.5 2.882 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 29/07/05 230 170 ND ND 400 ND ND 14 ND 14 2.719 
 18/01/06 ND ND ND ND 0 ND ND 2.5 ND 2.5 2.882 
 21/08/06 48 44 ND ND 92 ND ND ND ND 0 2.956 
 05/01/07 ND ND ND ND 0 ND ND ND ND 0 3.122 
 11/06/07 64 59 ND ND 123 1 2.4 11 28 42.4 3.168 
 19/08/07 57 280 ND ND 337 ND ND 28 15 43 2.995 
 03/10/07 140 310 ND ND 450 1.4 ND 39 25 65.4 3.000 
 02/02/08 94 210 ND ND 304 1 ND 35 12 48 3.222 
 22/07/08 130 140 ND ND 270 ND ND ND ND 0 2.925 
 20/02/09 ND ND ND ND 0 ND ND 1.4 ND 1.4 3.179 
 24/07/09 38 ND ND ND 38 ND ND ND ND 0 2.807 
 31/01/10 ND 41 ND ND 41 ND ND ND ND 0 3.055 
DUPLICATE 31/01/10 ND 44 ND ND 44 ND ND ND ND 0 3.055 
ALS 30/06/10 100 ND ND ND 100 ND ND ND ND 0 2.824 
 15/07/11 80 ND ND ND 80 ND ND ND ND 0 2.816 
 15/02/12 20 ND ND ND 20 ND ND ND ND 0 2.985 
 29/09/12 20 ND ND ND 20 ND ND ND ND 0 2.875 
DUPLICATE 2 29/09/12 20 ND 130 90 240 ND ND ND ND 0 2.875 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 3.051 
 26/06/13 50 ND ND ND 50 ND ND ND ND 0 2.993 
 01/02/14 30 ND ND ND 30 ND ND ND ND 0 3.107 
             
MW10 08/08/00 ND ND ND ND 0 ND ND ND ND 0  










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 29/08/01 ND ND ND ND 0 ND ND ND ND 0 2.882 
 24/01/02 ND ND ND ND 0 ND ND ND ND 0 3.129 
 19/08/02 120 300 ND ND 420 ND ND 7.7 ND 7.7 2.892 
 16/01/03 47 370 ND ND 417 ND ND 6.3 ND 6.3 3.349 
 08/08/03 85 270 ND ND 355 ND ND 8.3 ND 8.3 3.258 
 23/01/04 63 310 ND ND 373 ND ND ND ND 0 3.377 
 16/07/04 39 ND ND ND 39 ND ND ND ND 0 3.185 
 26/01/05 ND ND ND ND 0 ND ND ND ND 0 3.391 
 29/07/05 100 64 ND ND 164 ND ND 9 ND 9 3.003 
 18/01/06 ND ND ND ND 0 ND ND ND ND 0 3.181 
 21/08/06 ND 440 ND ND 440 ND ND ND ND 0 3.261 
 05/01/07 ND 440 ND ND 440 ND ND ND ND 0 3.425 
 11/06/07 320 430 ND ND 750 ND 13 23 180 216 3.475 
 19/08/07 ND 190 ND ND 190 ND ND 7 ND 7 3.290 
 03/10/07 ND ND ND ND 0 ND ND 5.7 ND 5.7 3.305 
 04/10/07 ND ND ND ND 0 ND ND 6.7 ND 6.7 4.305 
 02/02/08 WELL DRY AT 3.650 
METRES 
0     0  
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 3.225 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 3.481 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 3.154 
 31/01/10 ND 140 ND ND 140 ND ND ND ND 0 3.385 
ALS 30/06/10 30 ND ND ND 30 ND ND ND ND 0 3.229 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 3.150 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 29/09/12 ND ND ND ND 0 ND ND ND ND 0 3.185 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 3.360 
 26/06/13 40 ND ND ND 40 ND ND ND ND 0 3.297 
 01/02/14 30 ND ND ND 30 ND ND ND ND 0 3.405 
MW11 08/08/00 ND ND ND ND 0 ND ND ND ND 0  
 18/01/01 ND ND ND ND 0 ND ND ND ND 0 2.619 
 29/08/01 ND ND ND ND 0 ND ND ND ND 0 2.343 
 24/01/02 ND ND ND ND 0 ND ND ND ND 0 2.605 
 19/08/02 ND ND ND ND 0 ND ND ND ND 0 2.346 
 16/01/03 ND ND ND ND 0 ND ND ND ND 0 2.822 
 08/08/03 ND ND ND ND 0 ND ND ND ND 0 2.732 
 23/01/04 ND ND ND ND 0 ND ND ND ND 0 2.854 
 16/07/04 ND ND ND ND 0 ND ND ND ND 0 2.659 
 26/01/05 ND ND ND ND 0 ND ND ND ND 0 2.877 
 29/07/05 ND ND ND ND 0 ND ND ND ND 0 2.495 
 18/01/06 ND ND ND ND 0 ND ND ND ND 0 2.668 
 21/08/06 ND ND ND ND 0 ND ND ND ND 0 2.747 
 05/01/07 ND ND ND ND 0 ND ND ND ND 0 2.924 
 11/06/07 DRY WELL AT 3.0MNTS 0     0  
 19/08/07 ND ND ND ND 0 ND ND ND ND 0 2.790 
 03/10/07 ND ND ND ND 0 ND ND ND 2.6 2.6 2.805 
 02/02/08 WELL DRY AT 3.100 
METRES 
0     0  
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 2.711 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 2.538 
 31/01/10 ND ND 250 810 1060 ND ND ND ND 0 2.791 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 2.496 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 2.572 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 2.760 
 29/09/12 ND ND 210 310 520 ND ND ND ND 0 2.650 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 2.835 
 26/06/13 ND ND ND 210 210 ND ND ND ND 0 2.782 
 01/02/14 ND 60 870 950 1880 ND ND ND ND 0 2.894 
             
MW12 15/03/03 380 350 ND ND 730 16 1.2 18 120 155.2  
 23/01/04 1200 1600 200 ND 3000 39 ND 87 220 346 3.238 
 16/07/04 870 1400 130 ND 2400 48 ND 68 130 246 3.005 
 26/01/05 190 1400 340 ND 1930 25 ND 37 23 85 3.255 
 29/07/05 420 540 ND ND 960 36 ND 49 32 117 2.898 
 18/01/06 840 1400 100 ND 2340 33 ND 85 55 173 3.061 
 21/08/06 640 760 ND ND 1400 33 ND 95 41 169 3.121 
 05/01/07 ND 920 390 ND 1310 ND ND ND ND 0 3.288 
 11/06/07  DESTROYED   0     0  
             
MW13 11/06/07 80 510 ND ND 590 5.7 1 21 5.5 33.2 4.008 
 19/08/07 93 1500 ND ND 1593 3.6 ND 53 13 69.6 3.895 
 03/10/07 140 1100 ND ND 1240 3.6 ND 46 3.1 52.7 3.920 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 22/07/08 110 740 160 ND 1010 ND ND ND ND 0 3.918 
 20/02/09 120 480 ND ND 600 ND ND 12 ND 12 4.113 
 24/07/09 110 480 ND ND 590 ND ND 9.1 ND 9.1 3.857 
 31/01/10 130 690 ND ND 820 ND ND 37 2 39 4.045 
DUPLICATE 31/01/10 140 650 ND ND 790 ND ND 43 ND 43 4.045 
ALS 30/06/10 530 880 150 ND 1560 2 ND 72 12 86 3.944 
 15/07/11 480 1020 ND ND 1500 2 ND 46 ND 48 3.825 
 15/02/12 260 330 ND ND 590 4 ND 68 ND 72 3.930 
DUPLICATE 15/02/12 300 380 ND ND 680 3 ND 75 2 80 3.930 
 29/09/12 330 330 ND ND 660 ND ND 18 ND 18 3.837 
DUPLICATE 1 29/09/12 310 390 ND ND 700 ND ND 18 ND 18 3.837 
 18/01/13 330 240 ND ND 570 ND ND 5 ND 5 3.967 
DUPLICATE 18/01/13 290 280 ND ND 570 ND ND 5 ND 5 3.967 
 26/06/13 150 140 ND ND 290 ND ND ND ND 0 3.905 
DUPLICATE 26/06/13 150 150 ND ND 300 ND ND ND ND 0 3.905 
 01/02/14 60 70 ND ND 130 ND ND ND ND 0 4.038 
DUPLICATE 01/02/14 70 70 ND ND 140 ND ND ND ND 0 4.038 
MW14 11/06/07 ND ND ND ND 0 ND ND ND 3.2 3.2 3.141 
 19/08/07 ND ND ND ND 0 ND ND ND ND 0 2.961 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 2.982 
 02/02/08 ND ND ND ND 0 ND ND ND ND 0 3.175 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 3.921 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 3.144 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 2.985 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 2.655 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 2.770 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 2.944 
 29/09/12 ND ND 100 120 220 ND ND ND ND 0 2.846 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 3.021 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 2.950 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 3.079 
             
MW15 11/06/07 600 85 ND ND 685 ND ND ND 320 320 4.138 
 19/08/07 ND ND ND ND 0 ND ND ND ND 0 3.928 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 3.952 
 02/02/08 WELL DRY AT 4.300 
METRES 
0     0  
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 3.972 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 4.164 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 3.890 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 4.085 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 3.956 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 3.884 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 3.959 
 29/09/12 ND ND ND ND 0 ND ND ND ND 0 3.875 
 18/01/13 ND 70 ND ND 70 ND ND ND ND 0 4.041 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 3.960 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
MW16 11/06/07 ND ND ND ND 0 ND ND ND 3.1 3.1 3.428 
 19/08/07 ND ND ND ND 0 ND ND ND ND 0 3.249 
 03/10/07 ND ND ND ND 0 ND ND 1 4.9 5.9 3.246 
 02/02/08 ND ND ND ND 0 ND ND ND ND 0 3.471 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 3.265 
 20/02/09 ND ND ND 140 140 ND ND ND ND 0 3.458 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 3.183 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 3.382 
ALS 30/06/10 40 ND ND ND 40 ND ND 40 ND 40 3.246 
 15/07/11 90 ND ND ND 90 ND ND 46 ND 46 3.174 
 15/02/12 60 ND ND ND 60 ND ND 48 ND 48 3.261 
 29/09/12 ND ND ND ND 0 ND ND 4 ND 4 3.177 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 3.350 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 3.265 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 3.393 
             
MW17 11/06/07 ND ND ND ND 0 ND ND ND 2.3 2.3 3.609 
 19/08/07 ND ND ND ND 0 ND ND ND ND 0 3.389 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 3.415 
 02/02/08 ND ND ND ND 0 ND ND ND ND 0 3.602 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 3.411 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 3.617 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 3.257 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 3.263 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 3.276 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 3.405 
 29/09/12 ND ND ND ND 0 ND ND ND ND 0 3.313 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 3.494 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 3.420 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 3.538 
             
MW18 19/08/07 ND ND ND ND 0 ND ND ND ND 0 4.411 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 4.451 
 02/02/08 ND ND ND ND 0 ND ND ND ND 0 4.645 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 4.436 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 4.642 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 4.363 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 4.553 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 4.462 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 4.358 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 4.460 
 29/09/12 ND ND ND ND 0 ND ND ND ND 0 4.352 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 4.496 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 4.430 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 4.564 
             










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 3.985 
 02/02/08 ND ND ND ND 0 ND ND ND ND 0 4.175 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 3.951 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 4.159 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 3.885 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 4.087 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 3.989 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 3.871 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 3.974 
 29/09/12 ND ND ND ND 0 ND ND ND ND 0 3.871 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 4.000 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 3.946 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 4.078 
             
             
MW20 19/08/07 ND ND ND ND 0 ND ND ND ND 0 3.730 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 3.758 
 02/02/08 ND ND ND ND 0 ND ND ND ND 0 3.957 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 3.674 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 3.917 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 3.658 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 3.845 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 3.756 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 3.738 
 29/09/12 ND ND ND ND 0 ND ND ND ND 0 3.636 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 3.789 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 3.735 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 3.844 
             
             
MW21 19/08/07 ND ND ND ND 0 ND ND ND ND 0 2.912 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 2.934 
 02/02/08 ND ND ND ND 0 ND ND ND ND 0 3.119 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 3.836 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 3.072 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 2.619 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 2.881 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 2.569 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 2.670 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 2.885 
 29/09/12 ND ND ND ND 0 ND ND ND ND 0 2.805 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 2.956 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 2.879 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 3.010 
             
MW22 19/08/07 ND ND ND ND 0 ND ND ND ND 0 4.225 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 02/02/08 ND ND ND ND 0 ND ND ND ND 0 4.468 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 4.115 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 4.393 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 4.049 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 4.294 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 4.111 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 4.037 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 4.210 
 29/09/12 ND ND 140 ND 140 ND ND ND ND 0 4.095 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 4.283 
 ALS mixed up Duplicate 2 and MW22 on lab report 0     0  
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 4.226 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 4.322 
             
             
MW23 19/08/07 ND ND ND ND 0 ND ND ND ND 0 9.150 
 03/10/07 ND ND ND ND 0 ND ND ND ND 0 9.200 
 02/02/08 ND ND ND ND 0 ND ND ND ND 0 9.378 
 22/07/08 ND ND ND ND 0 ND ND ND ND 0 8.716 
 20/02/09 ND ND ND ND 0 ND ND ND ND 0 9.363 
 24/07/09 ND ND ND ND 0 ND ND ND ND 0 9.030 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 9.298 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 9.193 










Monitor well Date C6-C9 C10-C14 C15-C28 C29-C36 TPH Benzene Toluene Ethyl-
Benzene 
Xylene BTEX Depth to 
water 
 15/02/12 ND ND ND ND 0 ND ND ND ND 0 9.163 
 29/09/12 ND ND 150 90 240 ND ND ND ND 0 9.075 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 9.250 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 9.135 
 01/02/14 ND ND ND ND 0 ND ND ND ND 0 9.268 
             
MW24 24/07/09 ND ND ND ND 0 ND ND ND ND 0 3.035 
 31/01/10 ND ND ND ND 0 ND ND ND ND 0 3.271 
ALS 30/06/10 ND ND ND ND 0 ND ND ND ND 0 3.043 
 15/07/11 ND ND ND ND 0 ND ND ND ND 0 3.068 
 15/02/12 ND ND ND ND 0 ND ND 2 ND 2 3.183 
 29/09/12 ND ND ND ND 0 ND ND ND ND 0 3.095 
 18/01/13 ND ND ND ND 0 ND ND ND ND 0 3.269 
 26/06/13 ND ND ND ND 0 ND ND ND ND 0 3.193 


































































VS1, 3.0 17/04/07 ND ND ND ND ND ND ND ND - 
VS2, 3.0 17/04/07 ND ND ND ND ND ND ND ND 10 
VS3, 3.0 17/04/07 ND ND ND ND ND ND ND ND - 
VS4, 3.0 17/04/07 ND ND ND ND ND ND ND ND - 
VS5, 3.0 17/04/07 ND ND ND ND ND ND ND ND - 
VS6, 3.0 17/04/07 ND ND ND ND ND ND ND ND - 
VS7, 3.0 17/04/07 ND ND ND ND ND ND ND ND - 
VS8, 4.5 18/04/07 ND ND ND ND ND ND ND ND - 
VS9, 4.5 18/04/07 ND ND ND ND ND ND ND ND - 
VS10, 4.5 18/04/07 ND ND ND ND ND ND ND ND 1.5 
VS11, 4.5 18/04/07 ND ND ND ND ND ND ND ND - 
VS12, 4.5 18/04/07 ND ND ND ND ND ND ND ND - 
VS13, 4.5 18/04/07 ND ND ND ND ND ND ND ND - 
VS14, 6.0 19/04/07 ND ND ND ND ND ND ND 1.6 - 
VS15, 6.0 19/04/07 ND ND ND ND ND ND ND ND 1.6 
VS16, 6.0 19/04/07 ND ND ND ND ND ND ND ND - 
VS17, 6.0 19/04/07 ND ND ND ND ND ND ND 1.3 - 
VS18, 5.0 19/04/07 ND ND ND ND ND ND ND ND - 
VS19, 5.0 19/04/07 25 ND ND ND ND ND 3.6 8.5 - 
VS20, 6.0 19/04/07 ND ND ND ND ND ND ND 2.0 2.0 
D1 (VS20, 6.0) 19/04/07 ND ND ND ND ND ND ND 1.4 2.3 
T1 (VS20, 6.0) 19/04/07 ND ND ND ND ND ND ND ND 2.0 
VS21, 5.0 19/04/07 ND ND ND ND ND ND 1.5 4.9 - 
VS22, 6.0 19/04/07 ND ND ND ND ND ND ND ND - 
VS23, 5.0 20/04/07 ND ND ND ND ND ND ND ND - 
VS24, 6.0 20/04/07 ND ND ND ND ND ND ND ND - 
Ecological Investigation Levels 100 500 1000 NC 1 3 3 5 300 
Health Investigation Levels (A) NC NC 
90 (Aromatic)  
5600 (Aliphatic) 1 520 230 210 300 
Health Investigation Levels (F) 
NC NC 450 (Aromatic)  
28000 (Aliphatic) 
1.5 520 230 210 1500 
Limit of Reporting 25 50 100 100 0.5 0.5 0.5 1.0 1.0 
Laboratory Method WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL-232 
 Notes: 1) ND denotes not detected above laboratory limit of reporting. 
  2) Underlining denotes sample concentrations exceeding EIL criteria.  
  3) NC denotes no criteria. 
























































VS25, 5.0 20/04/07 ND ND ND ND ND ND ND ND 1.6 
VS26, 6.0 20/04/07 ND ND ND ND ND ND ND ND - 
VS27, 5.0 20/04/07 ND ND ND ND ND ND 1.1 4.3 - 
VS28, 6.0 20/04/07 ND ND ND ND ND ND ND ND - 
VS29, 6.0 20/04/07 ND ND ND ND ND ND ND ND - 
VS30, 5.0 20/04/07 ND ND ND ND ND ND ND 3.1 1.8 
VS31, 6.0 20/04/07 ND ND ND ND ND ND ND ND - 
VS32, 6.0 20/04/07 ND ND ND ND ND ND ND ND - 
VS33, 6.0 20/04/07 ND ND ND ND ND ND ND 1.9 - 
VS34, 6.5 20/04/07 ND ND ND ND ND ND ND ND - 
VS35, 6.0 23/04/07 ND ND ND ND ND ND ND ND - 
VS36, 6.0 23/04/07 ND ND ND ND ND ND ND ND - 
VS37, 6.0 23/04/07 ND ND ND ND ND ND ND ND - 
VS38, 5.0 23/04/07 ND ND ND ND ND ND ND ND - 
VS39, 5.0 23/04/07 ND ND ND ND ND ND ND ND - 
VS40, 6.0 23/04/07 47 ND ND ND ND ND 3.9 26 - 
D2 (VS40, 6.0) 23/04/07 59 ND ND ND ND ND 5.5 36 - 
T2 (VS40, 6.0) 23/04/07 25 ND ND ND ND ND 2.6 22.3 - 
VS41, 5.0 23/04/07 ND ND ND ND ND ND ND ND - 
VS42, 5.0 23/04/07 ND ND ND ND ND ND ND ND - 
VS43, 5.0 23/04/07 ND ND ND ND ND ND ND ND - 
VS44, 5.0 23/04/07 ND ND ND ND ND ND ND ND - 
VS45, 5.0 23/04/07 ND ND ND ND ND ND ND ND - 
VS46, 5.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS47, 5.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS48, 5.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS49, 5.0 30/04/07 ND ND ND ND ND ND ND ND - 
Ecological Investigation Levels 100 500 1000 NC 1 3 3 5 300 
Health Investigation Levels (A) NC NC 
90 (Aromatic)  
5600 (Aliphatic) 1 520 230 210 300 
Health Investigation Levels (F) 
NC NC 450 (Aromatic)  
28000 (Aliphatic) 
1.5 520 230 210 1500 
Limit of Reporting 25 50 100 100 0.5 0.5 0.5 1.0 1.0 
Laboratory Method WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL-232 
 Notes: 1) ND denotes not detected above laboratory limit of reporting. 
  2) Underlining denotes sample concentrations exceeding EIL criteria.  
  3) NC denotes no criteria. 























































VS50, 5.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS51, 5.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS52, 5.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS53, 6.5 30/04/07 ND ND ND ND ND ND ND ND - 
VS54, 6.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS55, 5.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS56, 5.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS57, 5.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS58, 6.0 30/04/07 ND ND ND ND ND ND ND ND - 
VS59, 5.0 30/04/07 ND ND ND ND ND ND ND 5.7 - 
Ecological Investigation Levels 100 500 1000 NC 1 3 3 5 300 
Health Investigation Levels (A) NC NC 
90 (Aromatic)  
5600 (Aliphatic) 1 520 230 210 300 
Health Investigation Levels (F) 
NC NC 450 (Aromatic)  
28000 (Aliphatic) 
1.5 520 230 210 1500 
Limit of Reporting 25 50 100 100 0.5 0.5 0.5 1.0 1.0 
Laboratory Method WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL-232 
 Notes: 1) ND denotes not detected above laboratory limit of reporting. 
  2) Underlining denotes sample concentrations exceeding EIL criteria.  
  3) NC denotes no criteria. 
  4) - denotes not analysed. 


































































B1, 3.5 11/06/98 790 5,600 270 ND ND ND ND ND 1 
B2, 3.5 11/06/98 1,200 7,700 490 ND ND ND ND ND - 
B2, 5.0 11/06/98 ND ND ND ND ND ND ND ND - 
B3, 3.9 12/06/98 ND ND ND ND ND ND ND ND - 
B4, 3.4 12/06/98 ND ND ND ND ND ND ND ND - 
B5, 4.0 12/06/98 ND ND ND ND ND ND ND ND - 
B6,3.4 12/06/98 350 170 ND ND 3.0 20 10 73 - 
B6,4.0 12/06/98 ND ND ND ND ND ND ND ND - 
Ecological Investigation Levels 100 500 1000 NC 1 3 5 5 300 
Health Investigation Levels (F) NC NC 450 (Aromatic)  
28000 (Aliphatic) 
1.5 520 230 210 1500 
Limit of Reporting 25 50 100 100 0.5 0.5 0.5 1.0 1.0 
Laboratory Method WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL-232 
 
 
Notes:    1) ND denotes not detected above laboratory limit of reporting. 
    2) NC denotes no criteria available. 
    3) Underlining denotes sample concentrations exceeding EIL criteria.  
    4) Shading denotes sample concentrations exceeding HIL F criteria and conservatively assuming there 
                                      aromatic species. 
























































B7, 3.5 12/06/98 180 93 ND ND ND ND 2.7 22 - 
B7, 4.0 12/06/98 51 ND ND ND 1.1 28 1.5 8.3 - 
B7, 4.0Dup 12/06/98 59 ND ND ND 1.2 32 1.9 7.7 - 
B8, 1.0 12/06/98 ND ND ND ND ND ND ND ND - 
B8, 3.6 12/06/98 3,200 1,000 ND ND 11 120 100 630 - 
B8, 4.0 12/06/98 230 ND ND ND 1.8 52 8.1 47 - 
B9, 1.0 12/06/98 ND ND 930 670 ND ND ND ND - 
B10, 1.0 12/06/98 ND ND ND ND ND ND ND ND - 
B10, 4.0 12/06/98 36 ND ND ND 4.6 6.4 2.2 16 - 
B11, 1.0 12/06/98 ND 700 ND ND ND ND ND ND - 
B11, 2.0 12/06/98 ND ND ND ND ND ND ND ND - 
B12,1.0 12/06/98 ND ND ND ND ND ND ND ND - 
B13, 4.0 12/06/98 ND ND ND ND ND ND ND ND - 
B14, 3.7 01/07/98 690 3,800 140 ND 2.1 1.9 7.2 29 - 
B14, 3.8 01/07/98 180 940 ND ND 180 940 2.7 8.6 - 
B15, 3.4 01/07/98 ND ND ND ND ND ND ND ND - 
B15, 3.6 01/07/98 ND ND ND ND ND ND ND ND - 
B16, 3.4 01/07/98 ND ND ND ND ND ND ND ND - 
B16, 3.7 01/07/98 100 ND ND ND 3.1 6.9 2.7 16 ND 
B17, 2.9 16/07/98 ND ND ND ND ND ND ND ND - 
B17, 3.3 16/07/98 ND ND ND ND ND ND ND ND - 
B18, 3.3 17/07/98 ND ND ND ND ND ND ND ND - 
B19, 3.3 17/07/98 ND ND ND ND ND ND ND ND - 
B19, 3.6 17/07/98 330 100 ND ND ND 22 11 66 3 
Ecological Investigation Levels 100 500 1000 NC 1 3 5 5 300 
Health Investigation Levels (F) NC NC 450 (Aromatic)  
28000 (Aliphatic) 
1.5 520 230 210 1500 
Limit of Reporting 25 50 100 100 0.5 0.5 0.5 1.0 1.0 
Laboratory Method WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL-232 
Notes:    1) ND denotes not detected above laboratory limit of reporting. 
    2) NC denotes no criteria available. 
    3) Underlining denotes sample concentrations exceeding EIL criteria.  
























































B20, 3.3 17/07/98 ND ND ND ND ND ND ND ND - 
B20, 3.8 17/07/98 420 250 ND ND ND ND 2.2 15 2 
B20, 4.1 17/07/98 ND ND ND ND ND ND 1.1 3.4 - 
B21, 3.3 17/07/98 ND ND ND ND ND ND ND ND - 
B21, 3.7 17/07/98 ND ND ND ND ND ND ND ND - 
B22, 3.2 17/07/98 ND ND ND ND ND ND ND ND - 
B22, 3.5 17/07/98 690 2,200 120 ND ND ND ND ND - 
B23, 3.7 17/07/98 130 1,100 ND ND ND ND ND ND - 
B24, 2.9 03/08/00 ND ND ND ND ND ND ND ND - 
B24, 3.2 03/08/00 ND ND ND ND ND ND ND ND - 
B25, 3.4 04/05/01 ND ND ND ND ND ND ND ND - 
B25, 3.8 04/05/01 140 52 ND ND ND 3.3 3.8 21 - 
B26, 3.4 04/05/01 ND ND ND ND ND ND ND ND - 
B26, 3.8 04/05/01 180 56 ND ND ND ND 2.1 14 - 
B26, 3.9 04/05/01 150 ND ND ND ND ND 1.5 12 - 
B27, 3.4 04/05/01 ND ND ND ND ND ND ND ND - 
B27, 3.7 04/05/01 390 490 ND ND ND 2.6 5.1 63 - 
B27, 3.85 04/05/01 970 360 ND ND ND 12 24 180 - 
B27, 4.0 04/05/01 160 64 ND ND ND 2.2 3.5 25 - 
B28, 3.4 04/05/01 ND ND ND ND ND ND ND ND - 
B28,3.7 04/05/01 1,100 350 ND ND ND 45 32 180 - 
B28, 4.0 04/05/01 720 270 ND ND ND 22 21 120 - 
Ecological Investigation Levels 100 500 1000 NC 1 3 5 5 300 
Health Investigation Levels (F) NC NC 450 (Aromatic)  
28000 (Aliphatic) 
1.5 520 230 210 1500 
Limit of Reporting 25 50 100 100 0.5 0.5 0.5 1.0 1.0 
Laboratory Method WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL-232 
 
Notes:    1) ND denotes not detected above laboratory limit of reporting. 
    2) NC denotes no criteria available. 
    3) Underlining denotes sample concentrations exceeding EIL criteria.  
    4) Shading denotes sample concentrations exceeding HIL F criteria and conservatively assuming there 
                                      aromatic species. 
























































B28, 4.5 04/05/01 ND ND ND ND ND ND ND ND - 
B29, 3.8 19/11/02 1,000 380 ND ND 1.9 10 26 150 - 
B30, 4.2 22/11/02 ND ND ND ND ND ND ND ND - 
B31, 3.9 22/11/02 1,200 620 ND ND 2.8 1.3 20 110 - 
B32, 3.8 22/11/02 900 370 ND ND 1.4 22 27 170 - 
B33, 3.8 22/11/02 560 280 ND ND ND 12 14 96 - 
B33, 3.8 Dup 22/11/02 550 270 ND ND 1.1 11 14 92 - 
B34, 3.8 22/11/02 160 73 ND ND ND ND 1.6 7.1 - 
Ecological Investigation Levels 100 500 1000 NC 1 3 5 5 300 
Health Investigation Levels (F) NC NC 450 (Aromatic)  
28000 (Aliphatic) 
1.5 520 230 210 1500 
Limit of Reporting 25 50 100 100 0.5 0.5 0.5 1.0 1.0 
Laboratory Method WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL-232 
 
Notes:    1) ND denotes not detected above laboratory limit of reporting. 
    2) NC denotes no criteria available. 
    3) Underlining denotes sample concentrations exceeding EIL criteria.  
    4) Shading denotes sample concentrations exceeding HIL F criteria and conservatively assuming there 
                                      aromatic species. 



































































S1, 3.8 18/11/02 ND ND ND ND ND ND ND ND - 
S2, 3.8 18/11/02 ND ND ND ND ND ND ND ND - 
S3, 3.8 18/11/02 ND ND ND ND ND ND ND ND - 
S4, 3.8 18/11/02 ND ND ND ND ND ND ND ND - 
S5, 3.8 18/11/02 2,600 14,000 2,900 ND ND ND ND 7.2 - 
DUP (S5, 3.8) 18/11/02 240 13,000 2,900 ND ND ND ND 6.1 - 
S6, 4.2 18/11/02 ND ND ND ND ND ND ND ND - 
S7, 3.8 18/11/02 1,700 8,700 1,900 ND ND ND ND 3.1 - 
S8, 4.2 18/11/02 ND ND ND ND ND ND ND ND - 
S9, 3.8 18/11/02 ND ND ND ND ND ND ND ND - 
S10, 4.2 18/11/02 ND ND ND ND ND ND ND ND - 
S11, 3.8 18/11/02 1,500 10,000 2,300 ND ND ND ND 3.1 - 
S12, 4.2 18/11/02 ND ND ND ND ND ND ND ND - 
S13, 3.8 18/11/02 ND ND ND ND ND ND ND ND - 
S14, 4.2 18/11/02 ND ND ND ND ND ND ND ND - 
S15, 4.2 18/11/02 ND ND ND ND ND ND ND ND - 
S16, SP 18/11/02 ND ND ND ND ND ND ND ND - 
Ecological Investigation Levels 100 500 1000 NC 1 3 5 5 300 
Health Investigation Levels (F) NC NC 
450 (Aromatic) 
28000 (Aliphatic) 
1.5 520 230 210 1500 
Limit of Reporting 25 50 100 100 0.5 0.5 0.5 1.0 1.0 
Laboratory Method WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL230 WL-232 
 
Notes:    1) ND denotes not detected above laboratory limit of reporting. 
    2) NC denotes no criteria available. 
    3) Underlining denotes sample concentrations exceeding EIL criteria.  
    4) Shading denotes sample concentrations exceeding HIL F criteria and conservatively assuming there 
                                      aromatic species. 


























+ DO Redox 
(Eh) 
TPHtot 
MW1A 19/08/07 270 670 0.21 4.02 -175 0 
 3/10/07 260 600 0.28 3.35 51 0 
 2/02/08 210 90 0 1.70 210 0 
 22/07/08 330 76 0.22 2.57 77 0 
 20/02/09 320 140 0.07 3.54 -45 0 
 24/07/09 360 150 0.07 3.52 -76 0 
 31/01/10 330 82 0.1 4.90 52 0 
ALS 30/06/10 305 25.7 0 4.04 125 0 
 15/07/11 210 11.7 0 3.92 36 0 
 15/02/12 244 46.6 0 3.80 -100 0 
 29/09/12 221 38.7 0 4.20 51 0 
 18/01/13 173 25.1 0 3.86 -18 0 
 26/06/13 326 49.6 0 3.65 125 0 
 1/02/14 321 21.8 0 3.87 29.1 0 
        
MW2 23/06/04 <5 <1 0.06 1.52 -106 25000 
        
MW3 23/06/04 13 <1 0.06 1.88 -196 74000 
 3/10/07 11 0 0.78 - - 59400 
 2/02/08 0 0 0 0.46 -187 67000 
 22/07/08 5 0 2.3 1.20 -260 78000 
 20/02/09 0 0 0.26 2.53 -219 6500 
 24/07/09 0 0 0.05 2.20 -263 51000 
 31/01/10 13 0 1.7 3.22 -268 12510 
ALS 30/06/10 54 0.31 0.07 2.96 -270 28870 
 15/07/11 9 0.14 0 4.40 -242 27460 
 15/02/12 2 0 0 4.20 -272 66600 
 29/09/12 4 0.02 0 3.97 -247 30400 
 18/01/13 6 0.03 0 3.01 -269 11470 
 26/06/13 7 0.02 0 3.66 -244 25720 
 1/02/14 4 0.02 0 1.19 -269.8 7540 
        
MW4 23/06/04 8 <1 0.05 1.02 -156 5900 
 19/08/07 0 0 1.2 2.27 -260 3600 
 3/10/07 28 0 1.2 4.30 -274 5410 
 2/02/08 22 0 0 1.08 -122 2900 
 22/07/08 0 0 0.48 3.26 -250 13000 
 20/02/09 15 0 2.1 2.89 -232 2900 
 24/07/09 0 0 0.43 1.92 -273 14000 
 31/01/10 6 0 0.37 2.18 -281 5200 
ALS 30/06/10 109 0.35 0 2.20 -278 24310 















+ DO Redox 
(Eh) 
TPHtot 
 15/02/12 0 0.03 0 2.24 -282 81600 
 29/09/12 2 0 0 3.37 -262 289800 
 18/01/13 6 0.01 0 2.40 -272 9900 
 26/06/13 5 0 0 2.09 -254 10350 
 1/02/14 3 0 0 0.67 -289.2 18370 
        
MW5 23/06/04 7 <1 <0.05 2.46 -25 480 
 19/08/07 47 0 1.2 5.10 -128 0 
 3/10/07 53 2 1.6 5.71 -189 0 
 2/02/08 25 0 0 1.60 -87 0 
 22/07/08 12 0 0.4 4.03 -242 2000 
 20/02/09 27 0 1.6 3.97 -183 640 
 24/07/09 11 0 0.05 3.51 -248 3600 
 31/01/10 12 0 4.1 2.47 -270 1810 
ALS 30/06/10 44 0.03 0 3.44 -266 6900 
 15/07/11 8 0.06 0 4.01 -248 6430 
 15/02/12 0 0 0 4.53 -260 1751 
 29/09/12 5 0.02 0 3.16 -239 4990 
 18/01/13 13 0.04 0 2.99 -259 1640 
 26/06/13 33 0.01 0 4.06 -236 970 
 1/02/14 25 0 0 3.10 -257.6 1340 
        
MW6 23/06/04 52 96 <0.05 2.24 -134 12000 
 19/08/07 49 11 0.5 2.42 -231 25660 
 3/10/07 42 18 1.2 4.00 -273 12960 
 2/02/08 11 0 0 2.16 -161 9700 
 22/07/08 13 0 0.23 1.56 -251 11000 
 20/02/09 17 0 0.06 3.18 -235 6800 
 24/07/09 39 23 0.4 3.35 -225 8600 
 31/01/10 36 0 0.3 4.17 -271 4690 
ALS 30/06/10 73 0.01 0 3.31 -256 7020 
 15/07/11 34 4.27 0 3.97 -235 5880 
 15/02/12 8 0 0 2.50 -275 3000 
 29/09/12 21 0.1 0 4.60 -236 3480 
 18/01/13 10 0.01 0 2.25 -240 2650 
 26/06/13 8 0.03 0 3.27 -235 3330 
 1/02/14 6 0 0 2.10 -273.8 3640 
        
MW7 23/06/04 47 320 <0.05 2.30 -6 0 
        
MW8 23/06/04 220 19 <0.05 2.36 32 0 
MW8A 19/08/07 65 6 0.31 3.22 81 0 
 3/10/07 77 13 0.24 3.40 96 0 















+ DO Redox 
(Eh) 
TPHtot 
 22/07/08 88 16 0.16 2.84 69 0 
 20/02/09 89 23 0 - - 0 
 24/07/09 83 30 0 3.10 158 0 
 31/01/10 93 26 0.43 5.79 89 0 
ALS 30/06/10 109 1.76 0 3.70 -34 0 
 15/07/11 84 4.55 0 4.60 39 0 
 15/02/12 81 4.36 0 4.26 -78 0 
 29/09/12 87 5.95 0 4.31 96 0 
 18/01/13 87 5.59 0 4.27 70 0 
 26/06/13 92 9.08 0 4.40 66 0 
 1/02/14 93 6.29 0 5.18 11 0 
        
MW9 23/06/04 41 <1 0.06 2.42 -12 85 
 19/08/07 11 0 0.31 2.06 -277 337 
 3/10/07 12 0 0.42 2.79 -278 450 
 2/02/08 14 0 0 1.60 -143 310 
 22/07/08 35 0 1 2.11 -225 270 
 20/02/09 58 0 0 3.23 -204 0 
 24/07/09 96 0 0 3.37 -209 38 
 31/01/10 69 0 0.25 4.00 -225 41 
ALS 30/06/10 83 0.07 0 3.76 -221 100 
 15/07/11 57 0 0 2.94 -208 80 
 15/02/12 53 0.02 0 3.67 -205 20 
 29/09/12 70 0.02 0 3.09 -206 20 
 18/01/13 64 0.01 0 3.83 -212 0 
 26/06/13 57 0 0 - - 50 
 1/02/14 60 0 0 3.90 -239.2 30 
        
MW10 23/06/04 58 <1 0.05 2.70 -100 39 
 19/08/07 42 2 0.21 2.94 -256 190 
 3/10/07 46 3 0.28 3.72 -220 0 
 2/02/08 - - - - - - 
 22/07/08 65 0 0.33 3.44 -215 0 
 20/02/09 240 37 0.35 - - 0 
 24/07/09 96 21 0.21 2.87 -208 0 
 31/01/10 120 3 0 4.60 -120 140 
ALS 30/06/10 120 0.27 0 3.87 -207 30 
 15/07/11 120 0.07 0 3.23 -192 0 
 15/02/12 115 0.01 0 3.32 -191 0 
 29/09/12 108 0.02 0 4.08 -198 0 
 18/01/13 122 0 0 4.60 -199 0 
 26/06/13 67 0.01 0 4.25 -235 40 
 1/02/14 98 0 0 4.05 -221.1 30 















+ DO Redox 
(Eh) 
TPHtot 
MW11 23/06/04 31 <1 <0.05 3.00 -28 0 
 19/08/07 100 5 0.91 2.60 -104 0 
 3/10/07 83 7 0.81 2.4 -33 0 
 2/02/08 - - - - - - 
 22/07/08 88 0 0.14 3.71 -24 0 
 20/02/09 71 0 6.1  - 0 
 24/07/09 98 2 0 4.39 -13 0 
 31/01/10 140 0 13  - 1060 
ALS 30/06/10 86 0.74 0 4.5 -16 0 
 1/02/14 73 0 0.13 - - 1880 
 26/06/13 73 0.01 0.18 4.34 -66 210 
 18/01/13 71 0 0 - - 0 
 29/09/12 90 0.44 0 4.8 -97 520 
 15/02/12 71 0.41 0.09 3.2 -80 0 
 15/07/11 53 0.08 0 3.72 -31 0 
        
MW12 23/06/04 <5 2 0.06 2.38 -162 2400 
        
MW13 19/08/07 35 0 0.09 2.70 -277 1593 
 3/10/07 49 0 0.37 2 -281 1240 
 2/02/08 60 0 0 1.69 -121 570 
 22/07/08 48 0 0.1 1.99 -236 900 
 20/02/09 32 0 0.59 3.25 -207 610 
 24/07/09 32 0 0.16 3.15 -235 580 
 31/01/10 42 0 0.75 4.51 -269 820 
ALS 30/06/10 71 0.05 0 2.9 -253 1560 
 15/07/11 30 0.39 0 2.45 -240 1500 
 15/02/12 38 0.01 0 3.25 -264 590 
 29/09/12 40 0.23 0 3.3 -247 660 
 18/01/13 44 0.04 0 3.8 -140 570 
 26/06/13 50 0.08 0 3.64 -174 390 
 1/02/14 67 0.16 0 3.19 -207.9 130 
        
MW14 19/08/07 87 6 0.74 2.25 -161 0 
 3/10/07 87 1 1.1 3.6 -220 0 
 2/02/08 44 0 0 1.84 -73 0 
 22/07/08 59 10 0.2 4.13 118 0 
 20/02/09 33 0 0.1 4.95 -169 0 
 24/07/09 38 13 0.24 3.86 -75 0 
 31/01/10 36 0 0.19 2.18 -281 0 
ALS 30/06/10 72 0.67 0 3.93 -144 0 
 15/07/11 47 2.42 0 3.2 -152 0 
 15/02/12 28 1.82 0 3.43 -195 0 















+ DO Redox 
(Eh) 
TPHtot 
 18/01/13 32 0.18 0 4.7 -180 0 
 26/06/13 37 0.8 0 4.22 -240 0 
 1/02/14 33 0.89 0 5.15 -191.5 0 
        
MW15 19/08/07 110 190 0.07 4.46 93 0 
 3/10/07 88 340 0.07 4.99 97 0 
 2/02/08 - - - - - - 
 22/07/08 140 150 0.15 4.42 62 0 
 20/02/09 130 130 0 4.31 93 0 
 24/07/09 110 73 0.06 2.89 26 0 
 31/01/10 220 200 0.17 3.78 49 0 
ALS 30/06/10 174 41.7 0 4.72 -37 0 
 15/07/11 98 18.1 0 4.81 71 0 
 15/02/12 201 22.3 0 3.96 -108 0 
 29/09/12 141 10.8 0 3.9 87 0 
 18/01/13 110 20.2 0 4.17 -7 70 
 26/06/13 100 4.29 0 3.94 43 0 
 1/02/14 104 1.75 0 3.84 -162.7 0 
MW16 19/08/07 130 81 0.06 3.87 38 0 
 3/10/07 120 28 0.37 2.2 -60 0 
 2/02/08 180 23 0 1.31 58 0 
 22/07/08 170 0 0.33 1.83 -36 0 
 20/02/09 160 29 0.07 4.86 -103 140 
 24/07/09 110 2 0.13 4.06 5 0 
 31/01/10 110 0 0.66 3.73 -115 0 
ALS 30/06/10 172 0.01 0.22 3.8 -72 40 
 15/07/11 145 0.03 0 2.76 -9 90 
 15/02/12 237 8.26 0 3.82 -83 60 
 29/09/12 257 5.74 0 3.78 8 0 
 18/01/13 80 1.07 0 4.2 -75 0 
 26/06/13 373 20.1 0 3.59 77 0 
 1/02/14 412 60.1 0 3.39 22.2 0 
        
MW17 19/08/07 29 5 0.22 4.00 -166 0 
 3/10/07 40 25 1 4.44 -227 0 
 2/02/08 38 0 0 1.69 -67 0 
 22/07/08 47 6 0.21 4.49 152 0 
 20/02/09 18 0 0.45 4.56 -171 0 
 24/07/09 45 3 0.11 4.74 -96 0 
 31/01/10 34 1 1.3 6.77 -209 0 
ALS 30/06/10 56 1.1 0 3.63 -166 0 
 15/07/11 49 0.06 0 3.8 -142 0 
 15/02/12 52 0.14 0 3.37 -197 0 















+ DO Redox 
(Eh) 
TPHtot 
 18/01/13 40 0.98 0 3.93 -112 0 
 26/06/13 47 6.99 0 4.29 -171 0 
 1/02/14 53 1.52 0 4.41 16.4 0 
        
MW18 19/08/07 73 11 0.94 3.64 83 0 
 3/10/07 87 17 0.77 3.5 27 0 
 2/02/08 68 12 0 2.23 57 0 
 22/07/08 78 6 0.2 5.18 28 0 
 20/02/09 69 0 0.08 4.52 53 0 
 24/07/09 79 4 0.18 4.85 -96 0 
 31/01/10 54 26 0.48 4.92 73 0 
ALS 30/06/10 104 2.02 0 4.45 -63 0 
 15/07/11 57 0.49 0.12 3.68 -181 0 
 15/02/12 46 0.8 0 4.32 -52 0 
 29/09/12 80 2.36 0.12 3.32 -95 0 
 18/01/13 370 21.7 0 4.22 8 0 
 26/06/13 91 0.92 0 3.41 -27 0 
 1/02/14 97 0.99 0 5.63 -100.1 0 
        
MW19 19/08/07 100 10 0.2 3.67 13 0 
 3/10/07 87 12 0.46 3.64 10 0 
 2/02/08 82 10 0 2.33 51 0 
 22/07/08 96 5 0.12 4.83 49 0 
 20/02/09 95 16 0 4.98 37 0 
 24/07/09 90 19 0 4.59 -19 0 
 31/01/10 120 78 0.25 4.8 90 0 
ALS 30/06/10 166 8.8 0 5.05 -84 0 
 15/07/11 91 10.1 0 4.7 28 0 
 15/02/12 118 19.4 0 4.13 -7 0 
 29/09/12 101 3 0 4.48 31 0 
 18/01/13 10 0.01 0 4.88 17 0 
 26/06/13 88 3.64 0 4.89 -7 0 
 1/02/14 114 8.18 0 5.31 -63.4 0 
        
MW20 19/08/07 110 0 0.09 1.63 -228 0 
 3/10/07 120 0 1.1 2.08 -254 0 
 2/02/08 100 0 0 1.29 -81 0 
 22/07/08 210 0 0.29 2.32 -123 0 
 20/02/09 370 0 0.37 4.14 -116 0 
 24/07/09 280 0 1.8 2.15 -189 0 
 31/01/10 390 6 0.21 4 -180 0 
ALS 30/06/10 484 0.84 0 4.05 -144 0 
 15/07/11 240 1.35 0 3.42 -159 0 















+ DO Redox 
(Eh) 
TPHtot 
 29/09/12 227 2.81 0 3.15 -153 0 
 18/01/13 235 3.81 0 4.38 -102 0 
 26/06/13 294 7.1 0 3.81 37 0 
 1/02/14 348 12.3 0 4.31 -5.8 0 
        
MW21 19/08/07 79 2 0.91 3.3 -225 0 
 3/10/07 68 1 1 2.2 -260 0 
 2/02/08 47 0 0 1.22 -62 0 
 22/07/08 64 0 0.18 3.43 -134 0 
 20/02/09 64 0 0.08 2.68 -197 0 
 24/07/09 210 3 0.13 3.33 -187 0 
 31/01/10 60 0 0.2 3.1 -220 0 
ALS 30/06/10 77 0.24 0 3.97 -174 0 
 15/07/11 126 0.16 0 2.65 -194 0 
 15/02/12 94 0.07 0 2.88 -208 0 
 29/09/12 106 0 0 3.57 -216 0 
 18/01/13 76 0 0 3.3 -220 0 
 26/06/13 64 0.01 0 3.14 -211 0 
 1/02/14 70 0 0 3.73 -247.4 0 
        
MW22 19/08/07 110 3 0.07 2.2 -75 0 
 3/10/07 100 11 0.86 2.47 -127 0 
 2/02/08 84 5 0 1.9 54 0 
 22/07/08 130 0 0.61 1.64 -125 0 
 20/02/09 190 0 0.56 4.22 -126 0 
 24/07/09 140 31 0.05 2.67 -21 0 
 31/01/10 130 65 0 3.5 -160 0 
ALS 30/06/10 158 8.35 0 3.76 41 0 
 15/07/11 123 2.96 0 3.65 38 0 
 15/02/12 119 1.83 0 2.73 -40 0 
 29/09/12 78 0.31 0 2.7 -134 140 
 18/01/13 101 8.29 0 3.99 48 3760 
 26/06/13 78 1.67 0 2.56 -100 0 
 1/02/14 96 0.47 0 3.89 -68.8 0 
        
MW23 19/08/07 68 0 0.67 2.18 62 0 
 3/10/07 64 0 0.65 3.46 47 0 
 2/02/08 60 0 0 1.84 90 0 
 22/07/08 53 3 0.28 3.18 99 0 
 20/02/09 51 2 0.06 - - 0 
 24/07/09 72 1 0.75 4.59 -159 0 
 31/01/10 79 0 0.29 3.2 -80 0 
ALS 30/06/10 108 0.3 0 3.41 -40 0 















+ DO Redox 
(Eh) 
TPHtot 
 15/02/12 106 20.2 0 3.56 8 0 
 29/09/12 113 5.94 0.06 3.74 -142 240 
 18/01/13 88 10.3 0 3.55 63 0 
 26/06/13 79 4.42 0 - - 0 
 1/02/14 72 13.3 0 2.89 -95.5 0 
        
MW24 24/07/09 120 30 0 2.74 15 0 
 31/01/10 100 68 0 4.21 -59 0 
ALS 30/06/10 63 19.1 0 4.15 91 0 
 15/07/11 75 4.62 0 2.57 -37 0 
 15/02/12 84 12 0 2.64 -211 0 
 29/09/12 89 22.5 0 3.16 83 0 
 18/01/13 77 15 0 2.79 130 0 
 26/06/13 54 2.66 0 3.04 -18 0 






















Appendix G.1: 90% source removal, 2 years. 
 











Appendix G.3: No source removal, 2 years. 
 











Appendix G.5: No source removal, 10 years. 
